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MCI course 13.32f, Metalworking and Welding .Operations , has been 
prepared by the Marine Corps Institute. 
2, APPLICABILITY • • - 

This cojurse is for instructional purposes only. 

C/'J. M. D. HOLLADAY ' 
v Lieutenant Col one.1 , U. S. Marine Corps 

Deputy Director 
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INFORMATION 
FOR 



MCI STUDENTS " 

, Welcome to' the Marine Corps Institute training program. Your interest in 
self improvement and increased professional competence is commendable, 

Inforitation is provided below to assist you in completing the, course. 
Please read this guidandS before proceeding with your ( studie^. 

MATERIALS - » 

'Check your course materials. You should have all the materials listed in 
the "Course Introduction. 1 " In addition you should have /an envelope to mail 
your review lesson back to MCI for grading unless your review lesson answer 
sheet is. of the self-mailing type, if your answer sheet is the pre-printed 
type, check . to see that ^our. name', rank, and social security number are 
correct. Check closely, your MCI records are kept on a computer and any 
discrepancy in the above information may cause your subsequent activity to go 
'unrecorded. You may correct the information directly on the, answer sheet. If 
you did not receive all your materials, notify your training NCO. If you are . 
"not attached to a Marine Corps unit, request them through the Hotline (autovon 
288-4175 or commercial 202-433-4175). - ' 

2. LESSON SUBMISSION ' 

* 

The self-graded exercises contained in your course are not to be returned 
to MCI. Only the completed review Tessd/i answer sheet should be mailed to 
MCn The answer sheet is to be completed and mailed pnly after you have 
finished all of the study units in the course booklet. The review *1 esson has 
been designed to prepare you for the finalU^mination. 

It is important that you provide.- the required informatiop at the bottom "o\ 
your review lesson answer'^sheet if it does not have your name and address 
printed oh it. In courses in whreh the wdrk is submitted on blank paper or 
printed forms, identify eaoJjJjfheet \in the following manner: 



D0E,*John J. ,Sgt 332-11-9999 



08. 4g, Forward Observation 
, Review Lesson ! : 
„ Military or off ice ..address v 

(RUC number, if available) 

h Submit your review lesson .on the answer sheet and/or forms provided. 
Complete all blocks and follow the di recti ons t on the answer sheet for 
maijing. Otherwise, your answer sheet may be" delayed or lost. If you have to 
interrupt your studies for any reason and find that you cannQt complete your 
course in one year, you may request a single 'six month extension by contacting 
your training NCO, at least onetmonth prior to your course completion deadline 
date. If you. are not attached to a Marine Corps unit you may make this 
request'by letter. Your commanding officer is notified monthly of your status 
through thje^monthly Unit 'Acti vity Report. In the event of difficulty, contact 
your training NCO or MCI immediately. 
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3., MAIL-TIME. DELAY 

Presenter below ar<» the mail -time delays that" you may experience' be 

mailin<jn)f your review lesson and Us return .tQ you.- * ' ' 

• * \ ' > « 

TUftyAROUND. MCI. PROCESSING TOTAL NUMBER 

* MAIL TIME ' .' » • TIME . . DAYS 

EAST COAST, ~ YE . 

WEST COAST ' 16 5 v ' 

FPO NEW YORK 18 5 - 

FPO SAN FRANCISCO 22 . ' 5 



between * 



21 
23 
27 



You may also experiences short. .delay in receiving your final examination 
due to administrative screening required, at MCI. -r ' ' 



4. GRApiNG- SYSJEM 
LESSONS 



, r 



EXAMS 



GRADE 


PERCENT 


' MEANING 1 


GRADE 


PERCENT 


i 


" 94-100' 


EXCELLENT ' 


A 


94-100 


B 


86-93 


ABOVE AVERAGE 


B 


86-93* 


C 


78-85. 


AVERAGE 


C 


78-85 


D . * 


70-77 ■ 


BELOW AVERAGE - 


o ; 


65-77 


NL 


BELOW 70 


* FAILING 


F • 


"BELOW 65 



You will receive a "percentage grade for your review Wesson and for the 
final examination. A review lesson Which receives a score below, 70 is given a 
grade of NL (no 'lesson). It must be 'resubmitted and PASSED before you will 
receive ah examination. The grade attained on the final exam is your course 
grade, unless you fail your first exam. Tjiose who fail. their first exam will' 
be sent an alternate exam in which the highest grade possible is 65%. Failure 
of the alternate will result in failure of the. course. 

5. FINAL EXAMINATION " : ■ 

. ACTIVE DUTY PERSONNEL: When you pass your REVIEW LESSON, your examination 
will be mailed automatically to your commanding officer. The administration 
of MCI final examinations must be supervised by a commissioned or warrant 
officer or a staff NCO. 



Your examination may be administered and%upervised by 



/ 

OTHER PERSONNEL 
your supervisor. 

6.' COMPLETION CERTIFICATE 

The* completion certificate will be mailed to your commandirg officer and 
.your official records will be updated automatically. For non Marines, your 
completion certificate is mailed to your supervisor. 
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7. RESERVE RETIREMENT .CREDITS " ' ' ^ 

}• ( taserve retirement credits -are awarded to inactive duty personnel only. 
Cnedtts awarded for each course are, listed in the "Course Introduction." *. 
Credits are only awarded -upon succ^tsful completion of the course. .Reserve 
retireroerftVcretiits are not awarded fV MCI study performed during drill 
periods credits, are also awarded for dri 11' attendance . 
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pisENROLLMENT, 



Only.ytfur commanding officer can request your disenrol lment from an MCI 
course.. However, an automatic disenrol lment occurs if the course is not 
completed ( jnci uding- tHe final exam) by the t>me you reach the CCD (course 
completion- deadline) or the ACCD (adjusted course completion deadline) date. 
This action wtlf adversely affect the unit's completion rate. 
<*.'.' 

9. ASSISTANCE. - 

Consult your training NtO if.you have questions concerning course 
content. Should he/she be^unablevto assist you, MCI is ready to help you 
whenever you need it. Please use the Student Course Content Assistance 
Request Form (ISD-1) attached to the end of your course booklet* or calj one of 
' the AUTOVON telephone numbers l isted below for the appro^pVi ate 'course writer 
Auction. 

PERSONNEL/ADMINISTRATION 288-3259 
' COMMUNICATIONS/ELECTRONICS/AVIATION 
NBC/ INTELLIGENCE . 288-3604 

INFANTRY * " - 288-3611 

> - ENGINEER/MOTOR- TRANSPORT 288-2275 
SUPPLY/FOOD SERVICES/FISCAL 288-2285 
TANKS/ARTILLERY/ INFANTRY WEAPONS REPAIR 
' LOGISTICS/EMBARKATION/MAINTENANCE MANAGEMENT/ 
' ASSAULT AMPHIBIAN VEHICLES 288-2290 

For administrative problems use the UAR ofc, call the MCI HOTLINE: 2881-4175. 

For commercial phone lines, use ar*ea code 202 and prefix 433 jnstead of " 
288. - ' 

- A • . . 
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PREFACE 



Metalwork1ng l an<1 Weldlna Operations has been designed to provide metalworkers, machinists, 
and welders jiMQS'* 1316, 2.161, and 3513, sergeants and below, wUh a source of study material 
on the operatloflr and maintenance* of weldlntj equipment and sheetAnetal machines tised 1n the 
Marine Corps. ^Tne c&rse provides-broad coverage of the welding processes and Identification 
and heat treatment of metals, and their alloys. Th* cour%# also provides Coverage on repair 
and restoration of damaged sheet metal and Marine Corps equipment.* 

r 

" .SQURCE MATERIALS * ^ 



NAVPERS 10645-D , 

NAVPERS 10308-B 

TM 5-4940-201-12 

TM 5-4940- 209L 12 - 

TM 9-237/TO 34W4-1-5 
TMJ9-243 . 



Construction Mechanic 1 & C, Department of ' 
the Navy, Bureau of Naval Personnel, 1970 
Structural Mechanic S 3 & 2 , Department of " v 

the Navy,. Bureau of Naval Personnel , 1969 
Shop Equipment, Organizational Repair, Light 

truck Mounte d, \§tii ~ 
Sho 



tM 0 



op^qul^me nt, General Purpose Repair, 
S^i^ler r feuhte'J? 5et' Ho. 1 , 
^ Theory and AppiTcat1on ? ~NoV 67 
3 care of Han wools and Measur ing 
Devices, I960 ^ * 



WeTcTf rv 
Use ai 



04055A- 

. TM 04055B-15 

\ SL-4-04055A 
i SL-4-04076A 



Weld ing Set, Arc, 
-bZ. mz 
cHl 



Iff 



Trailer Mounted. Model 



Welding Machine Arc LM§2a , Apr 70 
welding Machine, Arc, HoSel LM-62 , 1963 - 
Welding Machine, Har d- Surfacing, Model HSM-62, 
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■ Course Introduction 

METALWORKING AND* W^ING OPERATIONS Is a basic course of particular value to Marines 
working 1n or towards the MOS's Df 1316, 2161, and 3513. In addition to the fundamental 
subject/ matter of the course, there ,are 'instructions, on Identification of metajs* and x tiHe1 r * 
alloys; electric arc welding;. welding with gases; metalworklpg machines and tools; weldipg 
equipment aad welding procedures u*fcd 1n the Marine Corpus. 

- ADMINISTRATIVE INFORMATION 



Study Unit Study 
Number Hour^ 

1 

2 

4 

5 
6 



3 
4 

3 
3 

2 
2 
2 
2 

~2l 




OROER OF STUDIES 



Subject Matter . * . • 

4 , * v 

Weldable Metals and Jheir Alloys # + - - ' 

Arc Welding Process ' : ' * * 

Gas Welding Process , . - \ KH \ . 

Metal working Machines , %Too] s * 
Repairing Equipment and Interpreting^ Welding -Symbol* 
Welding Symbols ' • 

REVIEW LESSON 
FINAL EXAMINATION 



RESERVE RETIREMENT 
CREDITS": 

EXAMINATION: 



MATERIALS: 



reTturn of 
materials: 



Supervised final examination without textbook or notes; time l^mit, 2 
hours 

MCI 13.32f, Metalworking and Welding Operations . 
Review lesson and answer sheet. 

* Students who successfully complete this course are permitted to keep 
the course materials. 

Students dlsenrolled for inactivity or at the request of their 
commanding officer will return all course materials, 



. HOW TO TAKE THIS COURSE 

This course contains 6 study units. Each study unit begins with a general objective that 
1s a statement of what you should learn from the study unit. The study units are divided into 
numbered work units, each presenting one or more specific objectives/ Read the.objecti ve(s) * 
and then the work unit text. At the end of the work unjt text are study questions that you 
should be able to answer without referring to flhe text of the work unit. After answering the 
questions, check your answers against the correct ones listed at the end of the study unit. 
If you miss any of the questions, you should restudy the text of the work unit unt'11 you 
understand the correct responses. When you hav£ mastered one study unit, movevjjp to the 
next. After you have completed all study units, complete the review lessqn and take it to 
your training officer or NCO for maiding to MCI. MCI will mall the final examination, ttfyour . 
training officer or NCO when you pask the review lesson; 
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' CONTENTS y 



Work 
Unit 



Preface 

Source Materials . 
Gourse Introduction 
Tabltf t)f Contents . 
Study Guide . . . . 



Study Unit 1. WELDABLE MATERIALS AND THEIR ALLOYS 

Section I. Basic welding processes characteristics, an<* compositions of metal and 
alloys *■ ^ ... 1 

' r ' 

Methods of welding . - 1-1 

Characteristics of metals and alloys 1-2 

Composition of ferrous metial* . . • • 1-3 

Composition of nonf errous # met^l s and alloys ....... 1-4 

Section II, Identification ©f metals 

SAE classification of steel ^1-5 

Appearance of metals- 1-6 m 

Fracture tests of metals . . . . 1-7 m 

Grinding wheel test of metals t 1-8 

^ Torch test of metals . : \ 1-9 

\* Section III. Heat-treatment of steel . 

Heat-treating purposes . !* , 1-10 

Heat-treating steps 1-1L 

Critical points 1-12 

Forms of heat-treatment " 1-13 

' Heat-treating equipment . 1-14 

The pyrometer . 1-15 

Atmosphere control unit 1-16 

Study Unit 2. ARC WfLDING PROCESS 



Electricity ii\ arc-welding 2-1 

Construction and types of welds . . . 2-2 

Arc -welding machine . accessories 2-3 

Arc -welding machines *. v • 2-4 

Welding procedures . . . - 2-5 

^tudy Unit 3. GAS-WELDING PROCESS ' - 

Oxyacetylene welding equipment \ . . . . . . . r. .^,3^1 

Oxyacetylene braziftg t 3-2 

Oxyacetylene* welding ' • • 3-3 

Cutting metals with oxyacetylene .:. • • 3-4 

Welding equipment troubleshooting . . . . '.•>■* 3^5 

Inert-gas arc-welding ' 3-6 

« * 

Study Unit 4. METALWORKINQ MACHINES AND TOOLS * 

Metal cutting equipment I r *4-l 

Special 4 tools . i "4-2 

^Sheet-metal forming machines A - 4-3' 

~$heet-metal layout . . (\j 4-4 



Study «n^t 5. EQUIPMENT REPAIR 



Metalworkino tools -» v . . P-l 

Welding automotive equipment^ . .. 'S-2 

Repairing rody damage / . . . * 5-3 

Study Unit 6. WELD^G SYMBOLS 

Elements *of a welding symbol ..*.<• 6-1 

frasic welding symbols , 6-2 



MARINE CORPS MSTITUTE 



Welcome to tlie Marine Corps 
Institute correspondence training pro- 
gram. By enrolling in this course, you 
have shown a desire tb improve the 
Skills you need for effective job perfor- 
mance, and MCI has provided materials 
to help you achieve your goal. Now all 
yon need* is to develop your own method 
for using these materials to best advan- 
tage; * * „ 

The following guidelines present 
a four-part approach to completing your 
MCI course successfully: 

•1, Make a. rfjcTwinnissance" of 
your* materials-; 

2. Plan your study lime and choose 
a good study environment: 

3. Study thoroughly antt system- 
atically: 

4. # Prepare for the final V\am. 



I. MAKE A "lUXONXAISStANCE 
YOl'H MATERIALS^ 



OK 



- Begin with a look at the course 
introduction page. Read the COl.RSE 
INTJtODl "(TIO\ to get the "big picture" 
of the course. Then read the M ATEKIAI.S 
section near the bottom of the page in 
find ouf which to\t(sj and study aids, you 
should have received with the'eourse. 
If any of the listed materials are miss- 
ing, see Information for' \IC1 Students 
to find out how to; gef them, If you ha\ e 
everything that is listed, you are ready 
to ,, T i ecomioiter , I vour MCI course. 



s 

T 
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* Read^through the table(s) ^f con- 
tents of your te\t(s). Note the vsHous 
subjects cove^d in ihv course and the 
«mler in which they arc taught. Leaf 
through the 1e\t(s) and look at the illus- 



vli 



tratlons. Read a few work unit ques- 
tions to get an idea of the types that are 
asked. If MCI provides other study 
aids, such as a slide rule or a plotting 
board/ familiarize yourseir with them. 
Now, gel down to specifics! 

II. PLAN YOCR STUDY TIME AI\fo 

* CHOOSE A GOOD STEIDY ENVIRON- 
MENT 

From looking over thoeourse 
materials, you should have some idea ' 
of how much study you will need to com- 
plete this course. But "some idea" is 
tiot enough/ You need to work up a - 
personal study plan: the following steps 
should givA you some help, 

■(a) Get a calendar and mark those 
days oi the week when you havl 1 tinnv 
free for siudv. T\o study periods pvv 



Jy. T\o 
lasting 1 



week, each lasting 1 to :\ hour§, are 
suggested for completing the minimum 
two siuily units required each month by 
MCI. Of course, work and oilier 
schedules are not the same for everyone. 
T,he important tiling is thai you schedule 
a regular time for sjudy on the same 
days ofcach week, 




^HJ Hood Hie course introduction 
page again. The section mar.j||pd OH UK R 
OK STI IWES tells you the number of 
study i is in Hie course and the approx- 
imate number of study hours you will 
need to completeVach study. uilit, PI tiff 
these stud y hours in to you r schedule ^ * 
Kor example, if you set aside two 2-hour 
study period*? each week and the ORDER 
OI' STUDIES estimates 2 study hours for 
your fcirsl S4udy unit, you could easily 
schedule and complete- 1he first study 
unit iu one study period. On your ealea- 
dar you uquld mark "Study Unit l n on the% 
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appropriate day. Suppose that the 
second study unit of #our courafe re- 
quires 3 study hours. In that case ; you 
would divide the study unit in half and 
work on each half during a separate 
study period. You would mark your 
calendar accordingly. Indicate on your* 
calendar exactly when you plan to work 
on each study unit 'for the entire course. 
Do not»forget to schedule one or two 
study per iods to prepare for the firtal . 
exam. 

(c) Stick to your schedule. 

Besides planning your study 
time, you should also,choo]|e a study 
environment that is ri£ht for you, Most 
people need a quiet place for study, like 
a library or a reading lounge; other 
'people stud.^ better where there is 'buck- 
ground musiL; still others prefer to study 
out-of-doora. You must cffioose your 
study environment carefully so ipat it 
d fits your individual needs, i* 

III. STl'DY THOROl'GIII.Y AND 
SYSTEMATICALLY 

Armed with o workable schedule 
and situated in a good study environment 
you are now reacly to attack your cour se 
study unit by study .unit. To begin, turn 
to the first page of 'study unit 1. On this 
page you will find the study unit objective^ 
a statement of what you should be able to 
do after completing the study unit. 

DO NOT begin by reading the 
work uni,t questions and flipping through 
the text for answers. If you do so, ' 
you will prepare to fail, not pass, the 
I'inaT e^|m, Instead, proceed as fol- 
lows: 



(a) Head the objective for the 
firsl work unit and Then read the work 
unit le\-i carefully. Make notes on 
the ideas you fee] are importfflH, 

^ (§) Without referring to the text, 
answer the questions at the end of the 
w ork tin 1 1. 

(Cj Check your answers*, against 
the correct ones listed al the end of 
the study unit. 



(D) lf you miss any of Jhe questions, 
restudy the work unit until you understand 
the correct response. 



Follow the same procedure lor each 
9tudy unit of the course; If you have 
problems with the text or work unit questions 
that you cannot solve on your own, ask 
your section OIC or tiCOIC for help. If 
he cartnot aid you, request assistanfceffrom 
MCI on the Student Course Content Assis- 
tance Request included with this course. 

When you have finished all the study 
units, complete the course review lesson. 
Try to answer each question withou* the aid of 
reference materials. However, if you do not 
. kno\v *f\ answer, look it up. When you have . 
finished the lesson, take it to your training 
officer or NCO for mailing to uqi. MCI 
will grade it and*send yQU a f feedback sheet 
listing course references for any questions 
that you miss. . r , . , 



IV. PREPARE KOR THE KIN AL EN AM 
f 




» Haw do you prepare 1 for, the final 

exani '' I'ollow these four steps: 

(A) Review each study unit objective 
as a'summarv of what was taught in the 
course. * 

. (fi) Reread fill portions, of the text * 
that you found particularly difficult. 

(c) Review nil the work unit questions, 
paving special intention to those you misse<i 
the first time around* * 

(d) Study the course review 
lesson, paying particular attention 
to the questions you missed. 



x If you follow these simple 
steps, you should do well on m 
final. GOOD LUCK! 



-'A 
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[KJ Go on" to the next work unit and re- 
peat steps (A) through (B) until yctu have com- 
pleted all thft work units in the"fitudy unit, 
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STUDY UNIT 1 • , 

WELDABLE PETALS AND THEIR ALLOYS 

-STUDY UNIT OBJECTIVE: JpON SUCCESSFUL 'COMPLETION OF .THIS STUDY UNIT, YOU WILL . 
IDENTIFY THE BASIC WELDING PROCESSES AND THE "CHARAC,TERIS"LICS AND COMPOSITIONS OF 
KTALS. IN ADDITION, YOU WILL IDENTIFY THE METHODS USE-fr^OR METAL IDENTIFICATION 
.THE HEAT-TREATING PROCESSES OF STEEL AND RELATED EQUIPMENT. 
< *- i »"".*' 

To perform duties as J metal worker, you must have. a working knowledge of nifeials, 
their classification-, propei»Oes, heat-treatment, and welding processes. Youwnust become 
familiar vrfth the- ever-growing family of metals-and alloys. The welding process Is one of the 
principal means by which metals are Joined. It Is a fast, efficient, and economical operation 
that produces dependable results. Of the many methods of welding metals, the ones that you 
will come in contact with the most will be tbe gas and arc methods; therefore, only these 
methdta- will be discussed. - 

i 

* 1 r 

Section I. BASIC WELDING PROCESSES, CHARACTERISTICS, AND 
COMPOSITIONS OF METALS AND THEIR ALLOYS 

Work Unit 1-1. ^Titts' OF WELDING 




IDENTIFY THE TWO WELDING METHODS. L, fc 

« Gas welding . Your principal duty 1ri gas welding is to^ontrol arfci direct the heat on 
the edges of the metals to be welded and to add a suitable filler material to the pool of 
molten metal. The Intense heat obtained In this process comes from the combifttlbn of gases, 
usually, a mixture of oxygen and acetylene. This method Is commonly referred to as 
oxyacetylene welding. 

c > 

Electric welding. In this fiel^oftfwelding the two processes most comngnly used are 
the resistance and the ^electric arc methods. Slnca the resistance method 1s mostly used In 
production line manufacturing of products^ only a brie^explanation of how It works' Is 
necessary. In this method of welding, the work 1s pl*ed In the ? path of .a h1gh-*mperage 
current, and the heat required for the welding Is genera tecj by the resistance of the metals 
contact between the work pieces to the passage of the current. In other words, If two pieces 
of metal are placed between conductors (electrodes) for a high-amperage low-voltage current, 
the metals will become semlmolten 1f the current Is stopped before* the pressure Is released, 
thus >al lowing these metals to cool and return to a solid state with solid strength. The most 
common method of electric welding ^and the one which you will be most Interested In Is electric 
arc. This Is the process of fuzing two metals together under heat liberated In an arc stream 
and depositing a filler metal from the tip of an electrode into the-molten pool of m^tal . 
Mixing of the filler metal with the molteji petal produces a strong and dependable weld. - A ne* 
field of arc welding which produces better welds f§ the gas-shielded process. In this welding 
process, both the arc and the weld are shielded by an umbrella of Inert gas that has ho active 
chemical properties* The umbrella or shield of f gas keeps, atmospheric contamination away from 
the arc stream and the molten pool of metal. These methods, more commonly known as Tungst&n 
Inert Gas (TIG) and Metal Inertr Gas (MIG) welding, produce more solid Velds. 

EXERCISE: Answer tfie fol lowing questions and check your responses against those Ustetf^t 
the end*bf this study unit. 



1. fc Identify the two commonly used methods of welding. 

a. TIG and MIG * 1 c. Gas /id Electric 

b. Gas and TIG dr MIG Snd Electric 

2. State the principal duty in gas welding. 



3. The process of fuzing two metals together under heat liberated in an arc arid, of 
despositlng a filler metal from the tip of an electrode intp amolten pool of 
• metal Is known- as welding. ^ " 



a. electric; arc 

b. oxy^tylene 



c. MIG 
4. * TIG 



£ List two types of gas shielded welding. 



a% 
b. 



Work Unit 1-2. CHARACTERISTICS OF METALS AND ALLOYS ' * T 

NAME AND DEFINE' THE TWO PROHER1IES OF METAL. ' 

To become an efficient metalworker, you must know the properties of metals. This 
knowledges 11 aid you to pr openly/ wel d and work the metals. Everything In nature Is made of 
one or more eLemente. An element Is ohe ot tne buHdlng blocks with which nature builds more 
complicated substances we fall compounds. Compounds are 'always composed of two or more, 
elements. For a given pompoundy these elements are combine* In definite fixed proportions. 
For example, jwater contains two parts of hydrogen and one of oxygen (H?0). Physical 
properties are metal properties determined by chemical compositions which cannot be changed by 
heat-Veatroent. They Inyolve colo'r, luster,. weight, electrical conductivity , -and thermal 
conductivity. Identification and possible use at metals and alloys can be determined from 
their physical properties. The characteristics of a metal to resist deformation caused by 
external forces are caljed mechanical properties. They are many, and several are llstdd below 
With their definition. ' 

Hardness . The resistance of a substance to ihdentatlon or penetration. 

Wear resistance. The abllYty'ot a substance to withstand the cutting or abrasive action, 
generated by the- si 1d1ng motion between two t surfaces that are under pressure 

- Tensile 'strength (tig 1-1). . The maximum stress that a substance will develop under a slowly 
applied load, stated In pounds per square inch (psl). 
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Fig 1-1. Tenffie strength. 



Stress (fig 1-2). The reaction of a substance to an externally applied force. 
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Strain (fig 1~£). 
stress. 



Fig 1-2. Stress. 

ft 



The change In length per unit of length of a material that Is subject to 
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v F1g 1-3. Stralr*. 



CoVros 1 on re&ls tance . The ability of a metal to withstand chemical or electrochemical action 
by atmosphere, moisture, or other agents- ■ 



Shear strength .(fig 1-4). The resistance to a force acting In a tang^ntlarl manner tending to 
cause. particles of a bo<fy to' slide ovef each other. 
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f r Fig .1-4. Shear strength^^cts^ spot weld. 




Toughness . That property 6f a metal which enables It to withstand shock, endure strains and 
^tresses, and be deformed without breaking. S 

Hachlnablllt y, The ease with which stock metal Is turned, planed, milled or otherwise shaped 
fn the machfne^shop. Proper heat-treatment Improves this property. 

Ductility . The property of metal which makes It capable of being drawn, stamped, or hammered 
out thin; In other words, easy to work. * 

EXERCISE: Complete the exercise below and check. your responses against those listed at the 
end erf this stu<Jy unit. 



Name the two properties of metal and define each. 



s 



Work Unit 1-3. COMPOSITION OF FERROUS METALS 

identify Characteristics of the 'four iron metals, 
v identify the characteristics of pl.aii^carboy steels, 
list the seven alloys of steel 

Metals and alloys are both called metals; they both have metallfc properties- A pure 
metal Is usually defined as an element tha\, when solid, has a crystalline structure, is 
usually -opaque, 1s a good conductor of heat, and has a peculiar luster when fractured. Some 
examples of pure metal are Iron, aluminum, zinc, lead, copper, and magnesium. PureNa&U-ls are 
always elements. An alloy, on the ftther hand, 1s a substance that has metallic properties and 
Is composed of two or more elements, at least one of which 1s d metal* Exa(nples of alloys are 
steel, bronze, and heat-treatable aluminum. The metals with which you will work-arp divided ^ 
Into two general classifications: ferrous and nonferrous. A ferrous metal 1s composed rrtostly 
of Iron; for example, pig Iron, cast iron, wrought Iron, carbon steels, and the Various alloy 
>steels. All other metals are nonferrous. You are probably familiar with many nonferrous 
metals, such as gold, silver, lead, zinc, til umlnum, copper, and tin. j 

'a. Ferrous metals . Before Iron and steel products can be manufactured, you must mlnfe and 
\ then convert 1t/to metallic Iron by melting It 1n a blast furnace 1n the presence of coke and 
limestone. The chemical and physical reaction which takes place 1n this process reduces the ; 
ore vto molten Iron. This Iron 1s drawn from the' bottom of th? furjiace and poured Into mol ^s 
. to form tehapes or c6nven1ent size, kjiown as M p1gs." P1g Iron 1s composed of about 93* 1ron£ ' 
3% to b% carbon /and varying afnounts ot other elements. P1gs are used In the manufacture^ 
cast Iron. 

s m" (1) Gray cast Iron . This type/Of cast iron contains 90% to 94% pure Iron and varying 

. \ I proportions of carbon, manganese, phosphorus, sillcon/and sulfur. It 1s very 

I ^ fluid when 1n the form of molten and 1t solidifies slowly; therefore, castings ,of 

- - .intricate designs can be easily made with this metal. If weight and rigidity are 

^ ' required without very great strength, u*e gray cast. Usually 1t 1s found 1n the 

blocks of automobile engines, pump bodies, gears, pulleys, and machine frame^. 

. Q "j ■ ■ -V 



V 



White cast 1rcy . It 1s produced by casting against metal chills (special blocks 
used to dissipate heat). This procedure causes the free carbon 1n the gray cast 
Iron to ccwblne with the iron. The resuVt 1s a ver^ hard and brittle Iron with no 
free carbon. This metal can be used wh^p^iardness- and resistance to wear are 
essential such as for treads on frelghtjfcar wheels. It 1s not recommended to 
weld white cast Iron. - 

V 

(3) Malleable cast Iron . By heating white cast Iron to about 1 ,650°F, by holding 1t 
at this temperature for several hours or even days, and by cooling 1t slowly, we 
have what 1s known as a malleable cast iron. This type of cast can be^ bent 
without breaking, and 1t will withstand shock. Hard-wearing handtools, p1 pe 
fittings, and automotive parjs are usually made of malleable cast Iron, 

. \ ' 

\ * 1 

(4) Wrought iron . When pig Iron 1s further refined 1n a puddling furnape, still more 
of its impurities are removed. The resulting product 1s wrought U»*n. y The 
chemical analysis of nought Iron and mild steel are practically the sanfe; the 
elements of both metals are very similar* In Iron, the carbon content 1? 
considered' an Impurity, whereas 1n steel the. carbon content 1s considered^ an 
alloying element. An alloying element produces a desired or wanted effect;. Also, 
the differences 1n the process of manufacturing cause the/d1 fference 1n the 
properties of the two metals. Wrought iron 1s made by a process of puddling, 
squeezing, and rolling. This introduces slag Into the iron and gives jt a fibrous 
Internal structure similar to that of a piece of wood. This structures 
responsible for Its workability and resistance to corrosion. , It 1s us&Lfor crane 

V hooks, bolts, piping, rivets, and nails. Steels, on the other' hand, are made by a 
process ot smel ting, Acarbur1z1ng, deoxidizing, solidifying, and rolling. The 
decarbunzing renfcves* the excess, carbon, and deoxidizing takes out other 
impurities 'by the use ot manganese. During Ihost of Its manufacture, steel is . in 
molten condition. When 1t 1-s poured Into Ingots, 1t solidities into a granular 
structure. It 1s then sent to rolling mills to be formed Into shapes. As 
mentioned before, on the surface, mild steels and wrought iron look the same; the 
internal structure is the difference between the two. A further look at different 
types of steels that you will come Into contact; with will be presented below. 
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b. Plafn carbon steels . The carbon which 1s dissolyed or combined 1n these steels may be 
present In tfaHous amounts depending on the type of steel, but 1n ar\y case wUl not exceed 
1.70*. Carbon steels may also contain other elements such as manganese, which 1s added to 
Increase the hardness and toughness of the metal by -reducing Impurities, and silicon, which 
frees the metaul from pockets and blowholes (pockets of gas trapped 1n solidifying molten 
metals). Sulfur and phosphorous are considered Impurities, but 1n some .cases sulfur 1s added 
to Inraase the machlnabll 1ty of the met^l. V ^ 

- \ (1 h towf-carbon steels . These are steels^«lnta1n1ng up 0.25% carbon which are Usually 
used when structural strength 1s of 'no great 'Importance, These steels are easily 
) welded. 

(2) tedlurii-carbon steels . These steels have a, carbon content ranging from 0.25 to 
0.455. When these steels are welded, the zone 1n the v1dn1$ of , the weld which 

' has been heated to Its critical temperature will harden jf cooled rapidly. This 

hardening can be avoided by preheating the metal to between 300° and 500°F, 

' depending on the thickness of, the metal and Its carbon content before welding, and 

also by heating to a temperature below tfie critical range, usually to^bout 
1,110°F and allowing 1t to cool slowly, thereby removing internal , stresses yfhlch 
developed during the welding operation. This 1s known as stress-rel levtnjf; - 

(3) High-carbon steels . These steels have a carbon content exceeding 0.45%. They are 
i . very difficult to weld because of the hardening qffect of the heating 1n the 

vicinity of the. weld. H1gh-carbon steel must be preheated to at least 500°F 
before welding, and stress-relieved at ),100° to 1,250<>F after welding. 
• - 4 - 

(4) Tool steels . Tool steels normally gave a carbon content exceeding 0.60%. They 
are relatively hard to weld and require slow preheating up to 1,000°F. 
Stress-relieving similar to that required for high-carbon steels and subsequent 
reheat- treatment, must be performed Immediately after welding. 

(5) fopper-bearlng steels . These steels are generally of the low-carbon type and 
contain 0.20% to 0.5b% copper. . They have the welding characteristics of 
low-carbon steels, ■ ;■ » 

^ c. Alloy steel s . The principal metals used as alloys in steel are chromium, manganese,* 
molybdenum, nickel, tungsten, and vanadium. Silicon 1s combined with some of these metals to 
obtain certain desired, characteristics. Many of the* alloy steels contain several alloying 
elements, and all those listed are weldable. The alloy steels with the simplest composition 
are generally easiest to handle. 

Jl) Chromi um. This 1s use<J as an alloying element 1n low-carbon steels to increase 
corrosion r§s1st,ance, hard^nabll 1ty, and resistance to shock. It also Imparts 
• , high strength w^jth little loss 1n ductility. All corrosion-resistant steels 
contain chromium and nickel. 

(2) Manganesfe . Manganese 1s used 1n steel to produce greater toughness and wear 
resistance, and to promote easier ho« rolling and forcing. m Increasing manganese 
In steel decreases the weldability oK the final product. /' 

(3) Molybdenum . Addition of this alloy to steel Increases the rtardenabll 1ty , which Is 
the depth of hardening possible through heat- treatment. The Impact-fatlgiie 

: property of a steel, 1s Improved with up to O'.60% molybdenum. Above 0.60%, this 
property 1s Impaired, but the wear resistance 1s Improved when the corjtent fs 
Raised to above 0,75%. Molybdenum 1s sometimes combined with chromium or nickel 
or both* Molybdenum 1s sometimes combined with chromium, tungsten, or venadjuto to 
obtain desJreable properties. 

(4) Wdkel . Toughness, ductility., and stre/tgtti of steel are -Increased by addlpg 
nickel . It lowers the hardening temperature so that an oil quench rather than a 
water quench can be used for hardening. thp addition of 25% to 35% nlckeT to 
steel develops high resistance to corrosion. 



(5) Tungsten . This metal alloy Enables hardened ^steel to retain Its hardness and 
. strength even when heated to 1,150°F. For this reason cutting tools made of * 
tungsten- steel can be used at a speed or cutting depth where friction would raise 
the temperature to 1,000<>F without Impairing the effectiveness of the tool. 
Tungsten 1s frequently used 1n conjunction with other alloying elements, such as 

„ chromium and vanadium. 



/ 



(6) Titanium and columblum . These elements are%sed as an additional alloying agent 
In Tow-chrbon content, corrosion-resistant steel that also contains chromium and 
nickel* They support resistance to Intfergranular -corrosion after the metal 1$ 
Subjected to high temperatures for a prolonged period* 

(7) Vanadium , The' pr^ry purpose of vanadium 1s to Increase the hardenability and 
strength of the stekl and decrease the grafin size.- Itfls also added during the 
manufacturing of steel to remove oxygen. 



tjXERCISE: 



Answer the *f o*Now1ng questions and check your responses against those listed at 
the end of this study unit. 



1. The cast Iron used 1n making automobile engines Is 



a. gray. 

b. wrought. 



c. white. 

d. malleable. 



2. The, cast Iron not reconmended for welding 1s 



a. gray. 

b. wrought. 



c. white. • 

d. malleable. 



3, The cast Iron which can be bent without breaking 1s 



a. gray. 

b. wrought. 



c. white. 

d. malleable. 



4. The cast Iron used to majte nails, rivets, and crane hooks is 



a. gray. 

b. wrought. 



c. white. 

d. malleable. 



5. The maximum amount of carbon found 1n plain carbon steel 1s 



a. 
b. 



0.25% 
0/45* 



c. 1.70% 

d. 1.90% 



When structural strength 1s of no great Importance, 



Is used. 



a. copper-bearing 

b. low carbon 



c. . medium carbon 

d. high carbon 



7. The maximum amount of heat required for stress-relieving high-carbon steel 1s 



a. 
b. 



500°F. 
l,0O0°F. 



c. 1,100°F. 

d. 1,240°F. 



f 



The plaTif carbon steel with a carbon'content exceeding 0.6055 1s 
^ e. 



a. low. 

b. medium. 



h1gn. 
tool . 



9. Copper-bearing steel has a'copper content of 



to 



a. 10% to-' 20% 

b. 15% 'to 30% 

10. List the seven alloys of steel, 

$" (1) : ' 

" . (2) . 

(3) 

(4) 

(5) 

(6) 
(7) 



c. 0.20% to 0.50% 

d. 25% to 55% , 



%. 
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Work Unit 1-4, COMPOSITIONS OF NONFERROUS METALS AND ALLOYS " 

r 

MATCH FIVE OF THE TWELVE NONFERROUS METALS WITH THEIR CHARACTERISTICS. 

? - 

a. Aluminum . Aluminum, alloyed with magnesium, copper. Iron, or other metals, ts most ^ 
ctonmonfy used^tor Industrial purposes, The most noticeable characteristics of these alloys 
are their h1g{i strength although their weight 1s light and they resist corrosion. Most of 
these alloys in tolled, cast, or extruded form can be welded by /the oxyacetylene, resistance, 
and electr1c-arc processes. 

b. Copper . This me^al 1$ commercially aval lable/1n two major grcfiips: oxygen-bearing ^ 
copper arid oxygen-free copper.- The oxygen-bearing copper 1s of medium strength, ductile, 
toucjh, and highly malleable. The oxygen-free copper has the same general characteristics, but 
the properties are more uniform and the electrical and thermal conductivities are somewhat 
higher. 

c. Copper al loys (brasses).. These are copper-zinc alloys with varying percentages of 
these two metals with corresponding variations 1n the properties of the brass. Occasionally, 
as described below, a third or forth alloying metal is added -to .improve one or more of the 
mechanical properties. Brasses are produced 1n three classlf 1cat1ons; low % high, and alloy. 

(1) Low brasses . These brasses contain BOX. to 95% copper and 5% to 20% *1nc. They^ 
range In color from red through gold, to green-yel Tows'. The Ijpy brasses are 
ductile and malleable at room temperature. They can be cold-Worked by such 
operations as deep drawing, spinning, . and stamping. 

« - 

(2) High brasses . High brasses contain 55% to 80% copper and 20% to 45% zinc. The 
tensile strength, hardness, and ductiMty increase as the percentage of zinc 
increases'. Metals suitable for both cold- and hot-working are found in- the high 

* brasses. 

(3) Alloy brasses .- The alloy brasses contain, in addition to zinc, §mall quantities 
; of tin, manganese, iron, or lead. These al loying agents are added- to produce 

desired -properties, such as machinablTity, resistance to corrQslon, and 
improvement of hot-working properties, — ^ 

d. Silicon bronze . Copper-silicon alloys (silicon' bronze) contain silicon with zinc, 
tin, manganese, or iron as alloying agents. They have high tensile strength and excellent 
corrosion resistance and are readily welded,- usual ly by the^carbon-arc process. 

' i 

e. Phosphor bronze . Copper-t1n alloys (phosphor bronze) contain tin (1.5% to 10%) as the 
principal alloying agent, a* small quantity of phosphorus as a deoxidizing agent, and small 
percentages of zinc, manganese, leljd, antimony, or Iron. These bronzes are tough and hard and 
have high fatigue resistance. 

f. Aluminum bronze . Copper-aluminum alloys (aluminurt bronze) Contain aluminum as the^ 
principal alloying agent with additions of nickel, iron manganese, and silicon 1n varying low 
percentages. The working characteristics, hardness, ductility, and other properties of these, 
bronzes are governed by the percentages and type of alloying agents, but all of them resist - 
scaling and oxidation at bigh temperatures y They are highly resistant to mineral acid attack 
and corrosion from sea water. 

,g. Copper -nickel alloys . Copper-nickel ^al loys are available 1n thfee types containing 
10%', 20%, and 30% nickel. These alloyjB have/noderately high to high tensile strength, 
depending on the nickel content.^ They are moder3$qJy hard' and quite tough and ductile. They 
are very resistant to the erosive and corros^eeff ects .of high-velocity sea water> to stress * 
corrosion, and corrosion fatigue. % * . 

h. Nickel s il ve^ . Nickel is ad'ded to copper-zinc aVloys. (brasses) to lighten their 
color; tfie~Tes uTt an t all oys are called "nickel silver." Tfiese alloys are of two general 
types, one type- containing G5%_or more of. copper and n1ck?l combined, the otfter containing 55% 
to 6.0% copper afnd nickel combined* Tbe first type can be cold-worked by such operations as 
deepdrawing, stamping, and spanning* The second type 1s r much harder and 1s not processed by 
aoy of the. cold-working methods. Gas welding is the preferred process for joining these 
metals . ' * 

i. Copper-bery 11 ium al loys . These alloys usually contain approximately 1,5% to £.5% 
beryllium with slight additions of iron, nickel, and silver* When age-hardened, they have 
very high tensile strength and hardness* They are quite ductile' and suitable for cold-working 
when softened, Kit they loose their ductility 1f cold-rolled or case hardened. 

-. * ■ 
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J. Ma gnesium and magnesium alloys . ' 

Ml Maoneslum 1s rough Vone r f1 fth the weight of steel and two-thirds the weight of 
a?£ln«T ^oneslum-ls a weldablerwhlte metal. with a low melting point and ( 
SiSSvJISJSllltJ. Cwrritl magnesium 1s usually alloyed with -various 
| Suits of "liSl, Sganese, and>1nc to obtain; maximum strength and corrosion 

resistance- 

(21 Two" alloys. AZ31X and Ml, 1n the form of extrusions, plates, and sheets, are most 
widely used In applications Involving welding. AZ31X contains varying amounts of 
SuSU! xlnc, and manganese for sheets, plates, extruded shapes, and structural 
sections. Ml contains 1 .5% manganese. ~ ' 

k. Nickel and nickel alloys (monel ) . v 

(1) Nickel is very ductile, malleable, grayish-white metal. At oxidizes- slowly In, the 
presence of mlsture and 1s resistant to corrosive fumes/ It 1s used as an 
alloying elgllnt 1n the production of certain steels. v 

• (2) Monel'is a silver-white metal containing approximately 67% nickel, 28% wpper . and 
small amounts of silicon, manganese, carbon, and sulfur. Some types of this metal 
\ . , "cjtaln a small percentage of aluminum. The most Important property of monel 1s 

* Its resistance to corrosion. - 

1 Lead This 1s a heavy soft metal , bright white 1n color when freshly cut, but 1t 
oxldlzes^ckly to a'duTl gray. Lead 1s resistant to corrosion from ordinary atmosphere, 
moisture, and water and 1s pa/tlcularly effective against many adds.. 



EXERCISE: 



* t 

Match the nonferrous metal sl.1s.ted as "1" through "5" In column "A" with the 
correct characteristic, listed" as "a". througKV', In column B . Check your 
responses with those listed. at the end of this study unit. 



Column A ' , . Co1umn B 

l Aluminum Hardness, ductility 

2* CoJJer Weldable, white metal, low melting point, 

4 ! JoSeHlcTel" c. M«!!lI^gth.i.ctne i toysh.;-lle*l« 

\\ Slum d - High strength, light weight, resists 

corrosion 
e. Moderately hard, tough, ductile 

♦Section II. IDENTIFICATION OF METALS 

* -- ♦ 

Work Unit 1-5, SAE CLASSIFICATION OF STEEL . 

LIST THE THREE ELEMENTS OF THE SAE NUMERICAL SYSTEM FOR. THE CLASSIFICATION OF 
STEEL. 

Originated by the Society of Automotive Engineers (SAE), .toe numerical 1n * x J£tem 
for the edification of steel "has been generally adopted » industry ^r the 1dent flc atlon 
of steels on drawings and In specifications. ,to thts system, the class to which the steel 
belongs, the percentage of toe predominant alloying agent, and the .average carbon jon tent in 
percent are Indicated as described 1n paragraph 1-4. 

( 
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The various classes of stee] art 1dent1 fled by the first digit of the SAE number as 
Indicated below: * ■ , "\" 1 

i 

Class / ^ Number 

Carbon steels . . . $ . . . *~ l 

Nickel steels ... * * \ . , 2 

Nickel -chromium steels .... .... t ... . 3 . 

* Molybdenum steels v 4 

Chromium steels f . 5 

Chromium-vanadium steels ' 6 

Heat-resistant casting alloys . . -f . m. 7 . v 

^ * Nickel -chromlum-molydbenum steels 8 

Silicon-manganese steels and nickel -chromium-molybdenum 

- steels . . . 9 

The first digit Indicates the type to which the stfcel belongs;- thus 1 Indicates^ cafbon 
steel, 2, a nickel steel, and 3, a rrfckel -chromium steel. In the case of simple alloy steels, 
the secpnd digit generally Indicates the approximate percentage of the predominant alloying 
element. Usually. the last two or three digits Indicate the average carbon content 1n 
hundredths of-l$. Thus, 2340 Indicates^ nickel steel (Indicated by the first d1g1t-2) of 
approximately 3% n1$kel (Indicated by the. second d1g1t-3) and 0.40% carbon (Indicated by*the 
last two 'digits). In some Instances, It has been necessary to depart from this system of 
Identifying the composition of the steel by vaOdng .the second and third digits of the 
number. This 1s indicated by the numbers selected for several corrosion and heat-resisting * 
alloys and triple alloy steels that can be found in the jjtost recent SAE handbook. 

V -I 

J 

EXERCISE": Answer the following questions and check your responses with those listed at the 
end of this study"'un1t. * 



r 



r 



> 

1. List the three elements of the SAE numerical Index system. 



a. 

b. 
c. 



2. A metal with a classification nujj^er of 2542 Indicates 1t is made of what type 1 
steel? ^ ^ 

a. . Nickel c. Chromium 

b. t^ckel -chromium ' d. Molybdenum steel 

3., 2542 indicates steel with a nickel content of % . 

* > V 

' > ' a. 4 c. 6 ; 

b. 5 d. 7 

f 4. 2542 Indicates nickel steel with a carbon content of 

a. • 542%. ' • c. Ah. 

b. 52%. . , d. 32%. 

Work Unit 1-6. APPEARANCE OF METALS • * 

DESCRIBE THE APPEARANCE TEST. * 

Have you ever dropped a coin on the deck to find out 1 what 1t was made of ? Maybe at 
that tine you didn't know it, but you were testing the metal by the ring 1t made when It ' 
bounced to find out whether 1t>was made of nickel, copper, or silver, or 1f it were 
counterfeit. Other tests* as simple as this one have been devised to Identify metals. You can 
test by the appearance of the metal, the fracture (chip) test, the grinding wheel (sparJc) 
test, and the torch test/ Normally tar stock Is color-coded on the ends to Identify the type 
of steel. However, suppose the user of, the bar, who used it. before you, cuts off tfie end that 
has the color code, then you will have to reSort to other methods to determine the type of 
material that you have* It 1s possible to make these tests with little or no equipment, 
therefore they are convenient and easy to do. As long as you area metalworker you will be 
either making or hearing other people make references to metal identification tests, so it 1s 
a gpod idea to^know what they are all about. 5 

V 
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In the"metal vwfkshop or the storage area, Identification marks nay be destroyed. 
When this happens, metals must be Identified by other means. 

^ ' * ■ • 

Appearance. Frequently metal may he Identified by Its surface appearance, that 1s, 
^Its color and texture. Examining the outside unfinished surface of a metal Is ™t always 
sufficient evidence for classifying 1^,but 1t does make It possible to classify the metal 
qroup. thereby limiting additional tesi$ needed for specific Identification. The surface 
color will put 1t Into a class. The following 11st may help you to fix 1n your mind the . 
' ' surface appearance of the more common metals. If color and surface textures are not enough 
evidence upon which to base your classification, you should then resort to the chip and torch 
tests. 

a. Gray cast Iron. The unmachlned surfaces -are very dull gray and probably somewhat 

' roughened by tfte sand mold used 1n casting the part. Unmachlned castings may have brighter, 
. areas where rough edges have been removed by grinding. 

b. Malleable iron . The surface 1s much like gray cast Iron, but the dull gray color 1s 
somewhat lighter. T lt 1s generally free of sand. ' 

, r 

• c Wrought Iron. Its appearance 1s the same as that of rolled low-carbon steel. 

d. Low-carbon^teels . The appearance of the. steel depends on the method of Its treatment 
rather than Its composition. 

(1) cast. This steel has a relatively rough, dark-gray surface, except where machined. 

(2) Rolled . This steel has fine surface lines running 1n one, direction. 

' (3) Forged. This steel 1s usually recognizable because of Its shape, ihammer marks, or 
■ TThisn". > • ) 

e. H1gh-carbon steels. The unfinished surface 1s dark gray and similar to other steels; 
however, these steels are usually worked to a smoother finish than the less ^ostly ^low-carbon 
steels. . * 

"* f. Steel forglngs. The surface 1s smooth. If forglngs have nat oeen finished, fins 
caused by metal squeezing out between the forging dies will be. evident. If finished, the area 
from which the fins have been removed will be noticeable. These forglngs. u*less they have 
been properly cleaned, are covered with a reddish-brown or black scare, jf 

4 g. Alloy steels . Drop forglngs have thejsame appearance as other drop-forged steels. 

■Many of the alloy steel products are machlned'all over. ^ . 

h. Cast steel . The surface 1s brighter than ^t or mMeable Iron and sometimes 
contains small depressions similar to a burst bubble, , 

1. Aluminum . Aluminum 1s white, very bright when RpVlS|hed, dull'' when oxidized, and light 
In weight. , ' v / I ' 

J. Aluminum bronzes . These metals are yellow; but, when polished^ they are darker than^. 
) " brass. i 

k. Brasses ad d bronzes . The colors of 'polished brasses and bronzes vary from an almost, 
copper red to yellow, depending on the composition of the metal.. They oxidize to various 
shades of green, brown, and yellow. \ 

1. Copper . Cower 1s red when polished. It oxidizes to various shades of green.' < 

m. lead .. Leadjs white when freshly cuV, and 1t becomes dull gray when exp|*«d to air. 
It is very soft ancrheavy.' - ' ) . • " 

n . Magnesium . This metal 1s silver-white and weighs about one-thtrd less than aluminum. 

o. Monei metal . Monel metal 1s light gray which dulls to a darker gray oa aging. 

p. White meta l die castings . These are usually made with alloys of a\um1num, lead, 
magnesium,' and tin. Excepting those made ot lead or tin, they are light 1n>e1ght and 
Generally white. The surface 1s much smoother than that produced by castings made in sand. 

. r • -. . , ' * ' x * 
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EXERCISE: In the space provided below, describe the appearance test* Check your response 
against the one listed at the end of this stu<ty unit. 



1* 



Work Un1tM-7. FRACTURE TESTS OF METALS 

DESCRIBE THE PROCEDURE FOR PERFORMING THE FRACTURE TEST. ' * } 

Fracture test . The test 1s made by 'removing a small amount of material from the 
sample of metaT ^ith a sharp, cold chisel. The material removed will vary from small, broken 
fragments to a contlnuoqs strip. The chip my Wive smooth, sharp edges, or It may be 
coarse-grained or f1ne-gratned, or 1t may have sawlike edges Where 1t has been cut. The size 

fof the chip 1s Important 1n Identifying the metal. The, ease with which chipping takes place 
v 1s Important for Identification. Examine the chips until you are sure you can recognize them 
— the next tine you $ee them* * - 

a. Gr»y past^lron . Nick a fcorqer of the gray cast 1jron with a chisel or hacksaw and 

/v break 1t off %y hitting a shyp fyow with a hammer. The4>reak will be snort and the exposed 
/ \ surface will be dark gray. This color is caused by fine specks of grapjtfte' dispersed 
^ throughout the metal.* Ch1ps%*1sed"by a chisel b»*eak Iff as soon as formed. \ « 

■ * ■ ' ■ • , • / 0 

b. Malleable Iron . The central portion ofythe broken surface 1s dark gray with a bright 
steel -11 be band around the edg^, somewhat HiLt a picture frame. .Good quality malleable Jron 

*1s much tougher than cast Iron and does not break short when nicked. , * 



c. Wrought Iron . Wrought Iron $aM>e bent and Ms quite ductile. When wrought Iron Is 
nicked ancflbent to the breaking paint, the break Ms jigged. This Iron has a fibrous structure 
which can be split 1n the direction In^whlch ttfe fibers run. It 1s easily cut.wlt^ a chisel. 

d. Low-carbon steals . 'The color 'VW br1<&t crystalline. The metal 1s tough when chipped 
or nlckecT '. T" j y , * 

e. High-carbon steel V These steel s^re4harder and more brittle than low-carbon steels 
and the fracture 1* whlter^md flper grained. . ' 



f. Steel forglngs * Forglngs may be of lovjf-carbon, high-carbon, >or tool steel and the 
color will vary from bright crystalline to silky gray*. When the sjfedmen Is nicked, 1t 1s 
harder to bt*eak than cast steel and has a finer grain. 

4 g. Alloy steel k Generally*, the alloy steels are yery f1he-gra1ned. 'sometimes the 
fracture has a velvety appearance. 1 ' - 1 

-A. I * 1 

r h. Cast steey . The surface of the fractured area 1s bright crystalline.* Steel castings 
are tougb and do not break 'short. Chips made with a chisel, exeept manganese steel, curl up. 
Manganese steel cannot be cut with a chisel. 

1. Aluminum./- Castings show a bright crystalline structure. Rolled metal shows a bright 
and smooth sur1%ce. fl m ' 

Brasses and bconzes . The f raptured surface ranges from smooth td crystalline, 
depending on the cdtopbsltlo'n of the metal and whether it has be^Jcast, forged, or rolled. 

\ * # •• 

k. Aluminum bronzes * ^The fractured surface 1s smooth. * V 

1. Copper . It presents a smooth surffcte that 1s not crystalline. 

m. Lead. It 1s white and crystalline. 

n. Magnesium The fractured surface 1s rough and fJAely granular. k 



nickel, 



o. Monel metal . The fractured surface Is crystalline. Its color 1s similar to that 



p. White metal die castings . Its fractured surface 1s white and somewhat granular. 

EXERCISE: In the space provided below, destrlbe the procedure for performing the fracture / 
test. Check your response with the one listed at the end of this study, unit. 
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Work Unit 1-8. GRIND ING-WHEEL TESTS OF METAL t * . . v > 

DESCRIBE THE GRIND ING-WHEfcL TEST. 

" ■ ■■ o> 

Grlncff ng-wheel test . Various types of Iron and steel produce sparks which vary 1n 
length, shape, and color when held lightly against a grinding wheel. The sparks given off, or 
the lack of sparks, assist 1n Identifying the metal. The wheel should be the aluminum oxzlde 
type, har<Lenough to wear reasonably long, yet soft enough to retain free cutting properties. 
The peripheral speed should be approximately 4,000 feet per minute 1n order to produce good, 
bright sparks. The length of the spark stneamjfclts'color, and the type of sparks are what you 
should look for. There are four fundamental spark> forms produced by holding a sample metal 
against a gpindlng wheel. Vin figure 1-5, A. shows shafts, buds, break, and arrow. The arrow 
or spearhead 1s characteristic of molybdenum, a metallic element of the chromium group. 8. 
shows shaft and sprigs or sparklers whtch Indicate a" high carbon content. v D. shows sha/ts and 
forks which Indicate a low carbon content. The tests should be performed 1n well-diffused 
daylight against an ordinary background. In all cases, 1 1 ,1s advisable to jise standard 
samples of metals of known composition so that' these sparks can be compared with the material 
under test. 

4 
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3? n i n g ^ Nonferrons metj^s 
n cTlog the whee^L causing 
to overheat and explode, 
test* is not conducted j| 
operly. 




F1g 1-5. Fundamental spark 



lorms. 



a. Gray cast. Iron. A small volume of dull red sparks, that follow a straight line will 
formrf close to the wheel . These "break up Into fine, repeated spurts, which change to -straw 
col or 



X 



b. Ma11eabli#f ron. out^r brjght layer gives bright sparks like steel. When the 



Interior Is r 
* sparks are mu 
volume. 



ablj ftrc 
cbfllke 



Ihtt sparks quickly change to a dull red' color near the wheel. Thes6 
e those. from cast Iron, but are somewhat longer and are present 1n larger 



V c * Wrought Iron . Straw-col or.ed sparks form near the grinding wheel , and later they 
qfiange to white for*e4^park1ers near the end of the stream. 
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, d. Steel for gings . The sparks given out are long white streamers. Sparks from 
. high-carbon steel are whiter *tl)an those from low-carbon sjteel. 

*e. Alloy steels . The various alloy steels produce characteristic sparks both in color 
and shape. This enables a person, with practice, to Identify many of the alloy steels. Some 
of the mow common metals used 1n alloy steels "and , their effect "on the spark stream are # 
described re 1t>w. - /. 

♦ 

(1) Chromium . Steels containing 1* to 2% chromium have no outstanding features ih the 
spark test. Chromium 1n large amounts y shortens the length of the spark stream to 
half of that produced by steel containing no chromium, without appreciably ^ 
affecting Its brightness, ^^teel containing H% chromium and no nickel produces 
sparks similar to those glWn off by low-carbon steel, but shorter. An 18% 
chromigm, 8% nickel%sta1nless steel aljpy produces a spark similar to that of 
wrought iron, but only half as long. An 18% chromium, 2% carbon steel (chromium 
die steel) produces a spark similar to that of carbon tool steel, but one-third as 
long. 

(2) Manganese . Steels containing this element produce a sparf; similar tcf a carbon mS 
spark. K moderate increase In manganese Increases the volume of the spark stream" 
and the intensity of the bursts. A steel containing more than a normal amount of ■< 
manganese will .spark in a similar way as that of a high-carbon steel w,ith a lower* 
rtanganese content^ For Instance, a steel containing 0.55% carbon and no alloying 
element will have the same spark characteristics as a steel containing l.€0% to 
^ % 90% manganese. 

(3) Molybdenum . Molybdenum ha$ an ^sjly recognizable spark. It appears as an orange 
spearhead on the end of every carrier line. This element is used as an alloy in 
conjunction with nickel or chromium or both. Its characteristic spark has a 

j detatched arrowhead similar to that of wrought iron. It can be seen 1n fairly 
strong carbon bursts. Molybdenum, Substituted for some of the tungsten in 
high-speed steel, causes the spark streams to turn orange. 

(4) N1%kel . Nickel gives a characteristic spark identified by tiny blocks of 
brilliant white lights. This characteristic spark from nickel steel may be the 
result of the suppressing effort of nickel on the carbon burst. This element is 
recognized in SAE steels where the carbon content 1s low and the carbon sparks are 
not too prominent. ' The nickel spark is a short, sharply defined flash of 
brilliant light just before the formation of the fork. The nickel spark Is 
difficult to detect because sonje nickel-free steels have a similar, tut more 
rounded burst. 1| 

(&) Tungsten . This element 1s *asy to detect. It imparts a dull red color to the 
spark stream near the wheel. It also shortens the spark stream and decreases the 
size of or completely eliminates the carbon burst. A tungsten steel containing"* 
about 10% of this element causes short, curved orange spear points at the ends of 
the carrier lines of the. spark stream; a lower tungsten content causes small, 
white spear points. The carrier lines may be dull red to orange, depending on 
^ other elements present and provided that the tungsten content is not hfgh. 



; (6) Vanadium . The spark test 1s not conclusive in this element. . The detatched* 
arrow-heads at the ends of the carrier lines are similar to those produced* by 
molybdenum steels. * 



f. Cast steel . The*sparks are much brighter than those from cast Iron. Manganese steel 
gives off sparks that explode, throwing off brilliant sparklers at rtght angles to the 
original path of the spark. 

g. Aluminum . No sparks are given off. - 

h. Aluminum bronzes. t\o sparks are given off." - 

1. Copper. No sparks are g^ven off. ^ 

Lead . No sparks are given off. - \, v 

, * k. Magnesium . No sparks are given otf. ( * - 

+4, < 1. Monel metal . It produces short, wavy, orange streaks similar to those given off by 
rtfckel. ~ % JL 

m. White metal die castings . No sparks are given off. 



EXERCISE: ° In. the spacfe provided below, describe the gHndlng-wheel tes£. Check your 
response with the one listed at the end of this study unit. 



1. 




Work" Unit 1-9. TORCH TEST OF METALS 

DESCRIBE THE TORCH TEST. 

Torch test . Various metals can be Identified by using an o*yacetylene torch and'by 
studying die behavior of the metal under the torch. A person may determine the type metal 
being tested by timing tht-melt1ng rate, by watching the appearance of the molten metal and 
slag, and, by observing color changes and other !man1 festatlons developed by heat. 

a. Gray cast Iron , A heavy, tough film formy >n the surface is 1t melts. The puddle 1s 
quite depressed and very * fluid. When the torch flame 1$ Raised, the depression In the surface 
of the puddle disappears Instantly. The mol ten, puddle solidifies slowly, and 1t does not give 
off sparks. 0 ^ * 9 

b. Malleable Iron . The molten metal bolls under the torch flame. When the flame 1s 
withdrawn, the surface will be found full of bloOioles. The melted part will cool to a 
substance very hard and brittle/ It 1s. 1n fact, white cast Iron or chilled Iron produced by 
the melting and comparatively rapid cooling. The outer stee1-11ke shell will give off Sparks 

* under the torch, but the center portion will not. 4 

c. Wrought Iron . Wrought Iron melts quickly, with a slight tenancy to spark. The 
melted Iron has a peculiar slag with white 11qes and a greasy or Uly appearance. ^ 

d. tow-carbon steels . The steel gives off sparks when melted *wd, when the flame 1s 
removed, solidifies almost Instantly. ^ 

e. High-carbon stpels . >fhe mol Wmetal 1s brighter than molten low-carboi steel , and 
thcfmel ted surface has a cellular appearance'. ) 

f. Steel I /For gin gs . Steel forgliwp spark when melted. The greater the carbon content, * 
the greater the number and brill lanc^of the sparks. ^ 

g. Alloy steels . Steels cohta|1nJmj\a considerable quantity of chromium display a 
greenish-colored slag on the weld or puddle when cold, An general, the effects of the torch 
test depend on the 'composition of the alloy steel and must be determined by trW and 
experience. * " 

h. Cast st eels. These steels spark vrfien melted and solidify qujckly. . 

1. Aluminum . Aluminum' does not show red before tneltlng. It holds Its sh*pe until almost 
molten and then collapses suddenly. A heavy coating of white oVlde forrts Instantly on the 
molten surface. ' ' 

J. Aluminum br onzes. The surface 1s. quickly covered wjth a heavy scum which tends to. mix 
with the molten metaT, "and 1t 1s difficult t to remove. Welding of these bronzes 1s extremely 
'difficult. , , >: \ ' ' 

k. Brasses and bronzes ? True brass contains zinc,' which gives off white fumes whert 
melted. Brontes contain tin, whteh Increases fluidity. Some bronzes contain zinc and will 
fume, but not as much as brass. A 

/•-■•;.. 

1. Copper . Because of (the heat-conducting properties of copper, a larger flame 1s « 
required to produce fusion tnan the <*m required for other metals. Copper melts suddenly and 
solidifies Instantly. Copper alloys, containing smrll amounts of other metal , mel t more 
quickly and solidify more slowly. p 

S 25 ' 



m. lead, It melts at a very low temperature. The molten metal becomes covered with a 
thin, dull slag* ' 

n * Magnesium . Magnesium 6x1d1zes rapidly when Seated In the air to Its melting point. 
For th1$ reason, as a safety precaution , this metal 1s melted In an atmosphere free from 
owgen. Uhen heated In the open air, 1t produces^an oxide film which 1s highly refractory and 
insoluble in the liquid metal % - ^ / " • 

• ' 

0;> Monel metal . n Monel flows clearly without any sparklers, and a heavy black scale forms 
when cooling. ~ i 

P" VMte metal <j\e castings. The melting point 1s so low that the metal bolls under the 
torch. * ' 



✓ FXERCTSE: In the space provided below, describe the torch test. Check your respond against 
the one listed at the 1 end of this stu<Jy unit. 
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Section III. HEAT -TREATMENT OF STEEL . 

Work Unit 1-10. , HEAT-TREATING PURPOSES 

rt |jfeFINE HEAT-TREATING. 

When the conditions of heating and cooling a metaT or an alloy In the solid state. -are" 
controlled so that certain desired .properties are developed, heat-treating 1s accomplished. 
Whek metal 1s heated and cooled, structural changes take place. By controlling these 
structural changes, the desired physical properties develop. The use to which a metal 1s to 
be put determines the property It -will require. A knife blade must be hard an <J capable 6f 
keeping its sharp |dge. A chain needs to be tough. The physical properties of metals, such 
as ductility, machfpabll 1ty, toughness, hardness and tensile strength can be developed through 
heat-treating. Often one property must be sacrificed to gain another. For example, the 
harder a metal 1s made, the less ductile 1t will be. A material 1s heat-treated to Improve 1t 
for the service Intended, or to put it "In a condition //itch will nwfee a subsequent operation 
such as machining, easier to perform. 

' The reasons for heatrtreatlng are as follows: 

a. Relieve stresses produced by forming or welding. 

\b. Increase hardness and tensile strength. 

» 

c. Develop ductility. 

d. Induce toughness. ^ - ; / 

e. Aid mjichlnabll 1ty . 

f. r Increase wear resistance. 

g. Alter electrical properties. 

h. Modify magnetic properties. 

1. Refine or coarsen grain structure. * 

J. Develop a more desirable grain structure. k \ 

k. Change the chemical composition of a steel surface as 1n caseliw^fcrm»y. 



EXERCISE: In the space provided below, define heat-treating. Check your response with the 
one' listed at the end of th*1s 4 study unit. * 
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Work Unit Ml. HEAT-TREATING STEPS- 
LIST THE THR?E STEPS IN THE HEAT-TREATING PROCESS OF METAL- 
TREATING PROCESS. m v * 

a. General . The particular treating process < to be used depends 5n the composition of the 
metal and the property you want to develop. Some processes not only cause changes 1n chemical 
and physical properties, [they alter the surface composition of the metal as well. When there 
1s no change 1n composition, the heat-treating operation involves only neating and cooling, in 
which the factifrs Qf t1me\and temperature are most important. When there 1s a change in 
compos 1t1on,^ttr^element surroundingthe metal during heating, or during heating and cooling, 
1s equally as important as time and temperature. Those factors iqust be definitely fixed in 
advance for the particular composition of .the metal and if\e treatment Involved. Methods of 
treatment which cause n<5 change in composition are true heat-treating. operations. These are 
normalizing, annealing, hardening and tempering. Carburlzing, cyanld'ing, and^ nitr 1ding, on 
the other hand, effect a change in the composition of the metal near the surface, through its 
absorption of an element during the heat-treatment. Heat-treating must be done under 
controlled conditions, and an important factor to remember 1s that,- in heat-treating steel, '1t 
should /lever be heated/to a temperature clos$ to the melting point. When this occurs, certain 
elements 1n the metal are burped out (oxidized), and the steel in this condition usually 
cannot be. restored by subsequent heat-treatment. This means that the time, temperature, and 
manner of heating and cooling must be controlled. 



Heat-treat1n< 



the heat, ^nd coo 



ting step 
1 1?. * 



s. Heat-treatment Involves three steps: get the metal hot, hold 



\ 



(1) 'Get the metaT hot . Heating may be done 1n numerous ways, depending xw the 
equipment available. Large shops may have salt and lead baths, 
controlled-atmosphere electric furnaces, ^or 1nduct1oa furnace*. A small shop such 
as the 'Milage smithy" may have only a forge of a torch. On occasion, you mayj>e 
galled upon to harden and temper a chisel with- ho means of applying heat other 
than an oxyacetylene welding torch; at other times you may haveiplenjy of 
equipment/ In addition to your torch, # you may have an oil-fired forge, a 
medium- temperature electric preheat furnace (annealing furnace), and 
high-temperature hardening furnace. 'Both of thesAr furnaces are equipped with 
controllers, with which you can regulate the speeV(W heating and maintain any 
desired temperature within. range of the furnace. In addition, these furnaces are 
equipped with a device for^controlUng the atmosphere Inside them. The controls ' 
may be set for a specific atmosphere, such as carburlzlng, oxidizing,' or neutral^ 
which minimizes the posslbtWty of scaling, decarburlzltig, or burning of the metal 

, s 

(2) Hold the metal heat . Did you^ever notice what happens to a baked potato? It Is 
subjected to heat which warms the 4 outs1de and then cooks through to the center, 
.changing the properties and cooking of the potato. In a similar v manneK except 

' that 'the degree of heat may range as high as 2,400°F for some alloys, metal is 
heated and brought to temperature In the heat-treating operation. The Important 
point* to remember 1n cheating 1& the uniformity with which the metal 1$ brought up 
to temperature. Don^t forget that thin Sections heat faster than thick ones, just 
as little potatoes cbok fastervthan big ones. When you use a salt or lead bath, 
or an electric or o11-f1red fdjnace,- you are assured of getting uniform heating. 
If you don't have this equipment and have to rely on your torch, or at best a 
forge, you'll have to be careful* that the stock 1s* being heated uniformly. Just 

. getting the metal hot, however, 1s not going to do the whole job: Many operations 
1n heat-treating specify that the temperature must be held constant for a 
specified length of time. This 1s called holding or soaking. When you bake a / 
potato, you can stick 1t with a fork to »see if r it is done all the way through. 
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If, It 1s not, yQu bake it-some more. Of course, you can't 'stick a fork in a piece of metal 
. to see if it has heated through, so you have? to allow the necessary time for soaking after the 
proper temperature has bcflfcn reached. The metal is held at a constant temperature to insure an 
even and uniform heat throughout. The smaller the section of metal, the less time it will 
take for the heat to soak through, The time recommended f or sowing 1s 1 hour per inch of 
cross section (thickness), 

43) Cool the metal . After you have brought your piece of metal to temperature and 
held it at the Jemperature for the proper length of time, you are ready for the 1 
third important stepvcoollng. In aJl heat-treating operations, the first two 
steps are Identical.. The third step, however, wil.l be to cool the metal 1n a 
, quenching medium (such as brine) 1n a furnace. The results desired will determine 
the method.. The time element then may vary from a few moments to 36 hours. 

You may be requested to heat-treat any metal or alloy, but the greater part of your 
worlrwlll probably be Involved with the treatment of low-, medium-, and high-carbon steels. 
These steels are basically alloys of Iron and carbon plus a minimum amount of other elements. 

EXERCISE:! Answer the following question^ and check your responses against those listed at 
/ the end of this study unit. 

v 1. List the three steps in the heat-treating process of metal; 

a. t ' ■ '_ ' ^ • 

* . b. * •__ . , 

jc. 4 » 



2. The purpose of controlling the tima, temperature, and manner of heating and 
cooling is 

a. to make the metal hardeV. . * 

b* to prevent certain elements in the metal from becoming oxidized. 

c. tb induce malleability into the metal. 

d. to prevent burning of the metal. 

» o . , 

Work Unit 1-12. CRITICAL POINTS • 

IDENTIFY THE CRITICAL POINT IN METAL . X 

Webster says that th£ wor*d "critocal" indicates a crisis* or turning point/ Throughout k 
the heat-treatment of steely as well as of other metals and alloys, you will be face to face 
with critical points and critical panges. • 

a. Critical point . In metal, this is the point at which the most radical changes occur 
inside the metal . These changes are a result of heating. Each type of Metal has 'its own 
critical (Joint. You will neeji a lot of experience as a heat-treater before you are able to 
determine visually when a piece of metal reaches Its critical point. You can be sure that 
some metallurgical laboratory has determined the critical point f or ;any metal that you wlfl 
work on, and you can get the informations from a chart, or -handbook,. / 

b. Critical range . This 1s a temperature range of from 50° 'to 100°F above the ' 0 
critical point. Temperatures required for all of the heat-treating processes fall within this 
range. The critical range like the critical, points for all metals, has been determined in a 
laboratory and made available for your use 1n 'charts and handbooks. Ypu won't be able to 
heat-treat any odd piece of metal that you pick up around t^he shop until you can Identify 1t. 
Ii) order to heat-treat a metal, you must know Its composition; then you can determine its 
critical range from the necessary charts. Knowing its composition and Its critical range, you 
then get the desired property by the proper cooling or quench i ng k method. It may be netGessary 
to treat sdme tools or machinery parts several times before they are finally completed. For 
example, you piust first soften (anneal) a. chisel that has been * in , service aod has been 
returned to the metal shop for Keforglng and heat-trerfting. After forging and rough-grinding 
the chisel, you will then have to harden 1t and finally draw it to the proper temper .V 



c. Color change . Although It 1$ well to Jtnow what goes on Inside a piece of steel while 
It Is undergoing heat- treatment, you will be more concerned with the changes that you can 
see. Color change 1s one of the most apparent changes. As heat Is applied uniformly to a 
bright piece of steel, no color change Is apparent until a temperature of the 400°F Is < 
reached. At that point a faint straw color appears on the surface. As you continue to apply 
beat, you will notice various surface color changes. These continue as the heat Increases and 
Indicate the degree of toughness and hardness reachedln the metal. Here Is an experiment 
that will make you a bit more familiar with the cqlor changes that occur as steel heats. Cut 

a piece of cold-rolled bar stock, 2 by 1 by 3/16 Inches. If the piece Is not available, 
brighten a piece of strap Iron of approximately the same dimensions on an emery wheel. Be 
certain that the surface H bright and clean. Mow, heat a fire brick in your forge for about 
5 minutes. Place your ten piece, bright side up, on the brick. Watch \t carefully. As the 
heat radiates from ttfe brick to the metal, the color of the metal will change— first a pale 
straw and then on up to and through a light blue. As the metal absorbs mdre heat, the light 
blue fades out and no" color Is visible. As more heat Is applied, your test piece will • 
continue to change'color. If you,are In a shop that Is not equipped with a heat-treating 
furnace with controllers, color^wtll be the only method you will have to determine .the 
temperature of the metal you are treating. Practice will make you good at estimating 
temperatures. Color Is a rough esttmate at best, but you will have plenty of chances to use 
this knowledge and experience 1ri times of emergency* Another visual change which you will 
observe when the piece reaches a temperature hear 1.600OF Is scaling. Scale Is Identical. to 
rust. You have seen scrap Iron that has been exposed to the*weather for lqng periods of time, 
and you have noticed Us burned, crumbling appearance. This Is an example* of oxidation. 
Scaling Is-the same thing— the difference \s that It occurs faster than ordinary rusting. At 
high temperatures", the rusting or oxidizing processes greatly accelerated. 

d. Internal change . While the surface appearance changes, Internal changes are also 
taking place. If you could see your piece of soft 0.43% carbon steel under a microscope, 
which enlarges the view of the section on a thousand times, It would look like the view shown 
1n figure 1-6. Mow, If that same piece of steel had been heat-treated— and you could get a 
look at It through the microscope, you would observe considerable change In the grain 
structure (fig 1-7). Another characteristic of the Internal change In metal Is grain growth. 
If you could observe a piece of 0.83% carbon steel during heating, you would observe that the 
grain size Is smallest at about l,300°F-or Just as. It reaches Its critical* point. The 
higher ttfe steel Is heated abpve this temperature, the more the grain will grow In size. In 
all your work as a practical heat-treater, your greatest concern .will be the critical point of 
the metal or alloy you are treating. You must know' the critical point and the alloying 
1nqred1ents before you start any heat-treating .operation. Additional Information covering 
heat-treating for most metals 1s given In figure 1-8. If yoif have speclaj steels or alloys to 
treat, a letter to the manufacturer will bring ypu all the Information that you need. 
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F1g 1-7* Microscopic view of'hard*ne<{ 0.43t carbon 
steel not timfmred. 



lUll 



Aluminum. 
Cooler. . . 



>r— ■■ • 

£*ft«r Htetel . . 
•ttinleM KmIi: . 
Cr. IttMi. 

cr. u*m. ion 

. Cr I.IMI. >H 
Cut Iron* 



HJ|» «U«1 



•ftUn| tamp 



IT - 100* F *bov« 

Tin 

•ir r». . * . . . 
1,400* . . . . 

MT-I.WF. . 
I 400* F 

i[ioo*-».i»o*V. 

l.*00*M,4»0* F. *. 

1. O00*-l, MO* F. . 
1, ©00*-*, 100* F. . 
I.IM»«I.TW F. . 
W-100* obovo 
criUcfcl tamp 
1,100*' I, 4*0* F. . 



Cool in* prth«Bl 



Slow. 



Mr . . 
Rr+td . 
ftr+td*. 

Mow. . 
Air . . 

Wd . 



Ati 
Slow 
•low 



•low to 
1,000* 



1,4W to 

i,ioo* f 



lUMtitlAi ©imp 

M**100^ F obove 
critical If mp 
Cold worh .... 
Cold work .... 
Cold wo^ .... 



t. HO*-*, 340* 



QiMnchlnf medium 



W«t«r or oil 



Water 
Water 



OH 



F1g 1-8. Primary heat-treating hints. 



EXERCISE: Answer the following questions and check your responses with those listed at the 
end of this study unit. 



1. The most radical changes occur Inside the metal at the 



a. .critical point. 

b. critical range. 



c. Internal change. 

d. 1,100° point.. 



2. The critical range 1s the temperature' range of 
above the critical point. 



to 



degrees 



a. -20, 50 

b. 50, 75 



c. 50, 100 

d. 50, 150 



3. Color changes become apparent In metaij^a temperature of about 



a. 2000. 

b. 3000. 



4. Wten heat-tr*at1ng metal, three changes tike place; appearance, grain structure, 

r i 



Morkvunlt 1^13. FORMS ,0F HEAT -TREATMENT 

MATCH' THE FIVE MOST COMMON FORMS OF HEAT -TREATMENT WITH THEIR CORRECT DEFINITIONS. 

The most conrnon forms of heat-treating ferrous metals are annealing, normalizing, 
hardening, tempering, and casehardenlng. 



1-19 

30 



BEST COPY AVWLABLt 



a. Annealing is used to reduce stresses, Induce softness, change ductility, or Improve * 
grain structure. The greatest softness you can get In metal results fr4m heating It to a 
point above the critical temperature, holding It at this temperature until the grain structure 
- has been refined, and then cooling slowly. The most Important step In annealing Is to 
raise the temperature of the metal to the critical point, as this will remove any hardness 
that may exist. Any straffis that may have been set by previous heat-treatment will be 
eliminated when you have heated the metal to Its critical point and restored It to Its lowest 
hardness by slow cooling. Steel Is usually annealed to Increase ll» ductility, to refine the 
JKlJU. 06 $tructure ' ? nd to ™™* stresses. Ductility Is Increased by decreasing hardness 
. and brlttleness.- In other words, wh»n steel Is made softer, It Is more workable. You can 
' a - a IJ e T* oth r P^cal properties Of * piece of steel, such as Its magnetism or electric 
conductivity, by annealing. Refining the crystalline structure of steel simply means changing 
the Internal structure by a process of heating and cooling In such a manner as to remove any 
1^1** » tra1n$ ttat may have been set up by cold-working, forging, welding, or usage. 
Remember that In annealing, as In all heat- treatment, the temperature of the operation and the 
rate of cooling depending on the material that you are treating and the purpose for which you 
are treating., If you have heat-treating equipment, the process of annealing can be done with 
accuracy. Just check the chart for the critical point of the pegent carbon steel you are 
about to work. Heat it slowly In a furnace to a temperature 500^ above the critical range. 
Hold (soak) the piece long enough to Insure uniform temperature throughout-about 1 hour for 
each Inch. of sectional thickness (small tools require only 30 mln). Now, assuming that you 
have heated the part to be annealed to the proper temperature, you will have to decide on a 
method for cooling. If you want a full anneal, that Is, If you want the piece to be as soft 
as possible, seal the piece In the furnace and allow U to cool down to room temperature" In 
the furnace. This may take H to 36 hours, the other method that is commonly used Is called 
packing. To pack, remove the piece fromthe furnace, being careful to avoid drafts, and bury 
it In an annealing box (fig 1-9) filled- with a»estos or slacked lime, making sure that you 
leave the piece completely covered 16 to 24 hours, depending on its size. Be sure that the 
material In your annealing box is perfectly dry. To avoid scaling or decarburlzing (bumlnq) 
you may have to use the box-annealing (pack-annealing) method for some materials. In this ' 
method, place the piece to be annealed In a metal box. Completely surround the metal with 
cast-iron chips and seal the box with fire clay. Place the box In the furnace, heat, hold 
and allow It to cqp\ In the sealed furnace as previously described for steel. This method is 
used when surface finish is Important. You may not be fortunate eftough to have an anneallnq 
furnace. If %o.. you will have to use <a forge or a torch for annealing. The operation Is the 
same, but you will have to exercise a lot more caution in heating holding. On a furnace, when 
you set the controller It Insures the correct temperature. With a forge or torch you are the 
controller. You must be especially careful to avoid overheating the metal since, causes 
increased grain size and there Is danger of burning the metal and decarburlzing the surface 
You must have everything ready to makeUhe transfer frtm the forge to the annealing box. Hake 
the transfer as quickly as possible, avoiding drafts of air which cause uneven coollnq that 
results in warpage, strains, and fractures. 




Although most often called upon to treat steel, you will occasionally have to treat other 
material. Other alloys require different annealing operations. An outstanding example of an 
alloy that requires an entirely different treatment for annealing 1s duralumin, duralumin Is 
composed of 941 aluminum, 41 copper, and approximately H eadj of magnesium and manganese. 
This alloy 1s annealed by first heating 1t to 986 °F and then«ool1ng 1t rapidly by quenching 
In water. For a period of 45,m1nutes It 1s In a plastic condition and can be bent, rolled, 
and worked cold. Beyond this interval, It becomes hard and cannot be further worked without 
repeating the heat-treatment. This example emphasizes the need for thoroughly knowing the 
material you are treating. Annealing 1s a frequent and Important process for softening 
nonferrous ajloys and pure metals after they have been hardened by coin work. Annealing 
restores the ductility, relieves Internal stresses, controls grain size and, 1n the case of 
copper and aTumjnum, restores electrical 'conductivity. Following H a 11st of the more common 
metals with Instructions' for annealing each: ■ » ^ 

Copper ; ' Heat to 925°F. Quench 1n water. Temperatures as low as !>00°F relieve 
most stresses and strains. 

*' * ->- , 

Aluminum : Heat to 750°F. Cool 1n open air. Reduces hardness and strength, but 
increases electrical conductivity, 

Zinc: Heat to 400°F. Cool In open, still air. 

Bras s: Annealing to relieve stress may be accomplished at a temperature as low as 
600 0 K Fuller anneals may be accomplished with Increased temperatures. Larger 
grain size and loss of strength will result from too-high temperatures, Dq not anneal 
at temperatures exceeding 1 ,300°F. Brass should be cooled to room temperature 
slowly. Either wrap the part with asbestos cloth or bury 1t 1n slaked lime or other 
heat-retartf1ng material . 

Bronze : Heat to 1,400°F. Cool 1n open furnace to 500°F or place It In a pan to 
avoid uneven cooling caused by drafts., 

Nickel-copper alloys. Including monel : Heat to between 1,400° and 1,450°F; Cool 
by quenching It in water or oil. ~~ 

Nickel -molybden1um-1ron and nickel -molybdenum-chromlum^lron alloys (known commercially 
as stelllte) : Heat to 2,100 U F, Hold at this temperature a suitable time, depending 
on thickness, followed by rapid cooling 1n a quenching medium. 

Stalfrless steel (Cr 18% N1 B%): For full anneal, heat 1t to 2,000° - ?,20O°F> 
Cool rapidly for partial .anneal , heat to 1 ,600° - 1 ,700°F. y>§ 

Stainless steel (Cr 25% N1 20%) : Heat to 2,000° - 2,100°F. D^not soak.. Cool ft 
% In stm air. 

Stainless steel U> 8,5* N1 22%) : Heat to 1 ,650° - 1 ,750°F. Do not soak. Cool 
it slowly to r&om temperature. 

Cast Iron : Heat slowly to 800° - 1 ,300°F, 'defending op composition. Hold at 

temperature for 30 minutes. - Cool slowly 1n furnace annealing box. 

Ask yourself these questions before you begin any annealing, 

(1) Which metal or alloy do I have to treat? ^ 

(2) What 1s Its critical point? 

(3) Am I annealing to relieve stress, to aid machining, or to alter magnetic or 
electrical properties? 

(4) Which upper temperature shall I use? 

' t - * 

(5) How long shall I "hold 11 at the upper temperature? 

(6) Which method and rate of cooling shall I use? 

> • 

When you have answered these questions and have made all preparations, you are ready for the 
annealing operation. * * 



b - ^rmalizlng . Normalizing Evolve? a slightly different heat-treatment than for 
annealing, hut It may be classed a* a worm of annealing. It Is a process whereby Iron-base 
metals are heated above their critical temperatures to get a better solubility of carbon in 
the Iron, followed by cooling In still air. The process removes all s^ra1ns v due to machining, 
forging, bending, and welding- You can process normalizing only with a good furnace where the 
temperatures and atmosphere can be closely regulated and held constant throughout the entire 1 
operation. Reducing atmosphere will normalize metal with a very small ambunt of oxide scale; 
but an oxidizing atmosphere will leave the metal heavily coated with scale. This outside 
scale will prevent outside hardness in any other hardening process.. *The term 
"decarb.urization" is used to describe the surface condition of metal when it has had a portion 
of the*carbon consent of the surface bMmW) out. Remember that a* piece of steel designed for 
a particular job will have to be machined .to certain dimensions- The machining must remove 
all of the decarbuHzed surface from the piece without reducing it to less than the required 
dimensions. Always select an oversize piece of metal whldh will allow for this machining. 
This extra metal 1s called an "allowable tolerance." Remember that yo\i can control this 
burning w decarburizatlon considerably by the use of neutral 6r slightly carburizlng 
atmospheres 1n the- furnace. If you have an oil fired forge Instead of the latest thing in 
heat-treating furnaces to work with, be sure that you do not have an excessive blast of air 
going into the flrebox ; You may have ofcly a multiple-tip torch. If so, you^then must 
exercise great care to* avoid decarburizatlon. Some alloys, such as the chromium types, are v 
normalized prior to the regular heat-treatment operation. Normalizing softens steel somewhat, 
but 1t does not effect |ts strength to any great extent. The precautions applicable to 
annealing also apply to normal tzing. These are the steps - to be remembered: 

fl ) Heat the piece to be normalized to a temperature of 50° to 100°F above its 
critical pblnt. 

(2) Hold the piece at this point until the heat has had time to soak through to the ' 
center of the section. Avoid prolonged soaking of the metal at'high temperatures, 
as this will cause the grain structurAto enlarge. * B 

(3) Remove from the furnace and cool in still air. Avoid drafts; they cause uneven 
cooling wb$ch 1n turn causes/strains in metal- * ~ 

c. Hardening . - . 

(1) Heat control . Hardening of metals and, alloys can be done in several ways. Copper 
is hardened by rolling or working, but steel, requires a^different process. To 
harden -steel , you must heat the metal to . a Uttlfe more than its critical 
temperature , then cool 1t raptdly by quenching 1t in oil , water,* or brine.* The 
treatment gives the steel a fine grain structure, extreme hardness, greater 
tensile strength, and [ess ductility/ Steel, after being hardened, Is generally 
too brittle for most practical uses, although this treatment is the first, step in 
the production of high-strength $teel. To harden steel ^successfully , you miist: 

* * » 

i (a) Control ,the rate of heating to prevent cracking o^fcKlckand Irregular ' 

/ sections. 

(b) Heat thoroughly to correct hardening temperatur^ Soak time required depends 
on the size of section of met^J being treated. 

(c) Control furnace atmosphere which is required, in certain steels; to prevent 
scaling and decarburizatlon. 

(d) Use suitable quenching media. Quenching medium must have the correct t heat 
capacity, viscosity , and temperature to obtain adequate hardening without 
cracking. * 7 

Most of your ^work in hardening is employed in .carbon tool steels. These steels 
contain from 0.7% to 1.5% carbon. The treatment of all steels 1n>th1s class is 
the sam* except for the variation 1n critical point. The. critical point in 
hardening, as 1n all heat-treating, determines ,the temperature to whfch the steel 
must be heated^ Ordinary carbon steels are heated to between J ,350° and 
1 ,500°F. These steels are supplied in the unhardenfcd condition^ 1n various 
sizes and shapes, such *s rods and bars. They can easily be shaped into the , 
desired form by forging or machining. In its unhardened state, tool steel is of 
« x little value, but vrfien It 1s« properly hardened and tempered, it takes on 

properties that enable it to cut other metals.. The common cold chisel is a tool 
that demonstrates the properties of hardness and toughness that can be developed 



1n carbon steel through hardening and tempering treatments. Carbon tool steel Is 
hardened by. slow heating to a temperature of 50° to 100°F above the critical - 
temperature' and sudden cooling by quenching 1n water or oil. Remember ttat the 
critical points of steel vary with the alloying Ingredients. In carbon tool 
steel, the higher the carbon content of the steel, the lower the critical point. 

(2) Ouenchlng. This 1s a process of which heated metal 1s rapidly cooled by placing 
U In wat er, oil, or some other quenching medium. Any solution used for cooling 
' metal 1n the heat-treating process 1s referred to as a quenching medium. A number 
of liquids may be used for/quench1ng steel. Both the quenching medium and the 
form of the bath depend largely on the nature of the work to be cooled. It 1s 
Important that you have enough of the medltm to cool the metal without changing 
the temperature of the hath. This 1s especially Important when you have a number 
of pieces to quench, one after the o$her. It 1s hard to keep steel from wiping 
and cracking during the quenching process since certain parts of^the metal cool 
more rapidly than others. When the change 1n temperature 1s 'not uniform, Internal 
strains which may be sufficient to cause war page or cracking are set up. Odd or 
Irregularly shaped pieces are more likely to be affected by Internal strains than 
are even sections. Forging and machining may also set up Internal strains 1n 
steel parts; therefore 1t Is advisable to normal 1ze, these articles before 
attempting to harden them. To reduee the tendency of steel parts to warp, you 
Should pay attention to the following recommendations: 

* J 

Dip the article to be quenched Into the bath. Never throw 1t 1n or alloy/ It 
to He on the bottom of the bath. If you let the part He on the bottom of 
the bath, 1t 1s liable to cool faster on the top than on the bottom, thus 
causing 1t to warp or crack t 

•\ * Don't allow the part you quench to remain motionless 1n the bath as the 

heat will cause a coating of vapor to be formed around the part which will 
prevent 1t from cooling rapidly. Keep moving 1t. The stirring allows the 
bath to convey the heat to the atmospherfe. 

* Quench the piece so that all of Its parts will be cooled uniformly *nd 
with the least possible distortion. Quench these parts as a gear wheel or 

' shaft 1n a vertical position. 

* Dip or Immerse odd-shaped steel parts;so that the thickest section will 
enter the bath first. 



Commonly used quenching media are fresh water, "salt water 
{brJnej/and oil (fig 1-10). 



(3) Quenching media 



(a) Water. This 1s often used as a quenching medium. It 1s not Ideal, however, 
Because of the bubbles which form on the surface of the tool or part being 
. quenched, especially 1n holes or recesses. These bubbles retard the cool 1ng 
process and cause soft spots which are likely to weaken the steel. If you do 
not use water, be sure to keep moving the object being quenched to avoid, as 
much as possible, the formation of gas around the^ metal part. Keep the water 
ba'th at about 70°. Extremely cold water might wJrp or crack the steel; , 
water above 70° will not produce the required hardness. 



fraih water 



salt water 















w 

















oil 



Fig 1-10. Comparison of quenching medlai 



(b) Salt wtter (bMnejj * Th1$ medluflOs much better to be used as a quenching bath 
than frtih mw\ When fche brltie 1$ qu1er*(not 1n motion), 1t 1s referred to 
it still brine. , The most satisfactory brine bath 1s madi by dissolving 
ordinary salt In the water until » 5% to 10% solution \v obtained. The salt 
in the water causes the water to take hoi d H and wet the heated steel tool or 
the part evenly. This wetting causes the quenching to proceed uniformly. 
Brine alsri. "throws scale" better and usually gives you a cleaner tool or part. 

(c) 011 . Oil 1s slower actlng'than water, and 1t 1s f therefore, better for 
quenching heated steel , because Its slower action greatly reduces the tendency 
of th* steel to warp or, crack when quenched. Unfortunately though, parte made 
of tylgh-carbon steel will not develop their greatest possible hardness when 

uertched In oil unless they ire quite thin. It Is best to use, however; since 
t will produce the required hardness. 011 quenches should have a high 
flashpoint* low viscosity, and*a constant companion. They should be kept at 
temperatures of 140° to 160°F. ' * 
*> * * 

(4) Quenching bajfl j Agitators may be used to keep the quenching media circulating, or 
uiey my bt designed for continuous orculatlon by means of a circulating pump. 
You will have io keep your bath at the proper temperature by the best means at 
your disposal. For example, If your quenching* bath 1s too cool, you can heat 1t 
with hot pieces of scrap metal until the proper temperature 1s reached. Here are 
a few points that you should keep In mind: 

' * The quenching rate of the medium drops as Its temperature rises. 

* Near the boiling point, the quenching medium has less than 10% of the 
quenching rate, or the ability to cool , than it has at 68°F. 0 

* More»heat will be driven awpy If the piece 1s kept moving ab^ut 1n the bath. 
This dispel of heat 1s called heat dissipation. ^ 

Some Iron alloys are classed as water-hardening, others as oil-hardening. Some 
hlgh-spetfd steels are called a1r-harden1ng. Again, as 1n any phase of heat-treat- 
1ng# you must 'know Just what kind of metal or alloy you are^worklhg with. If you 
make the mistake of quenching an oil-hardening tool 1n water, you are liable to 
crack the tool. Water's faster rate of cooling is too harsh and abrupt for alloys 
classed as oil -hardening metals. Plain carbon steels have a hloh rtite of cooTlng, 
therefore coollna by quenching can't be too fast for them. Additions of alloying 
elements to steels lower/their critical cooling rate, and thereby require the use 
of a quenching medium Wat has a slower cooling rate. If there 1s any doubt 1n 
your mind about the method of heating and cooling required for a particular piece 
of metal, your best solution 1s to obtain the stock number for that particular 
piece of metal. From the stock number, you can find the Navy specifications for 
that stock. The specifications will give you the Information that' you ne§d about 
the alloying elements and tensile strength of the metal. From this Information 
you can Judge the critical temperatures and the best method for heating and < 
cooling by comparing the metal In question with another metal for which you know 
the proper treatment. Hardness, distortion, and Internal stresses are all results 
of the cooling rate. Oils, therefore, produce less distortion and fewer stresses 
In steel than other quenching media. Mineral oils are generally %ed fojL 
quenching, as th$y are less expensive than other oils. Also they are ofp more 
stable Mature than other oils; that 1s, they are not subject to decomposition. 

Tempering . ^ 

(1) Drawing . This Is a process which 1s gfrnprally applied to steel to relieve the 
swains that are brought about during the hardening process. Drawing 1s done by 
heating the hardened steel to a temperature below the critical range, holding this 
temperature for sufficient time for It to completely penetrate the piece, and then 
cooling In water, oil, or air* In this process, as In the other, heat-treating 
processes, as you gain one property you lose others. For example, 1n tempering, 
you Improve the ductility and toughness, but at the same time, you loose some of 
the tensile strength, yield strength, an<j hardness. "The temperature to vrfrtch you 
will reheat hardened steel Is determined by the degree of hardness and. toughness 
desired. The tempering range Is from 400°F to a point Just below the critical 
point. The upper temperature Is usually about 1 ,000°F. Tools designed to have 
cutting edges are not above 600° to 700°F. A file 1s a cutting tool which may 
he very hard and brittle. SlnC* It receives little shock or pressure, brlttleness 
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1$ no disadvantage. A chisel ; on the other ^hand, 1s subjected to tremendous * 

?Ck. therefore must be tough, not brittle, and Its head must be soft to receWe 
blows. By trial you will soon learn tfle degi*ee of head to which a tool must 
tempered. You can be guided by figure 1-11, which gives the tempering heats 
various tools 1n degrees l^hrenhelt. 



DegreeWfahrenhel t 

400° / « • • 

480° /. . . . 

480° 

500° 

520° 

540° 

550° 



Hammer faces, machine cutting tools 
Taps and dies 

Punchee, reamers, diea, knives 
Twist drills 
Driftplm, punches' 
Cold chisels 
Screwdrivers, springs 



F1g 1-11. Temperatures for tempering various tools. 



(a) Again there 1s the problem of controlling the h;eat. In drawing, 1t Is the 
tempering or reheat temperature* If you have a tempering furftace you only 

y^ave to set the controlling devices. If you don't, you must Improvise and 
complete the hardening and tempering treatment as best you can. Several ' 
methods of^reheatlng are possible 1n any sort of shop setup. You imist jls^ 
what#you have. One method 1s the use of firebrick. You^ used 1t to rumciut 
the heat color earlier 1n this chapter. The heat colors'" will be your only 
guide to temperature when yo\i use reheat methods of this type. Another good 
way of reheating for tempering 1s shows, 1n figure 1-1?- r 

(b) You have a metal box filled with sand. The source*of heat 1s an oxyacetylerte 
or other type of torch. The hardened tool, 1n this case a center punch, must 
have a bright clean surface or the he«|t colors won't indicate the true 
temperatute. First, rub the tapered end of the punch briskly with emery cloth 
until 1 1 1s bright and clean. Then Insert 1t 1n the hot sand, head down. The 
heat of the sand 1s absorbed by the head-end of the tool andtravels up to the 
point by conduction. As more and more hejit 1s absorbed by the tool, the point 
gets hotter. ^You wIlV notice the color change on the brightly polished end. 
When the desired temperature 1s reached, the color Indicating the temperature 
appears on the point of th<* tool,. This temperature shoMld be 400° to 

fH)0°F or as Indicated by a deep straw color. Now, with a pair of pickup 
tongs, remove the punch and quench 1t to prevent more than the desired amount 
of heat from reaching the point. Because of the varying amounts of heat that 
have been attained 1n the tool from head to point, a varying degree of 
hardness will be present 1n the tool; the point will be hard and capable of 
penetrating metals, the shank will be tough, and the head will be soft enough 
to withstand the continued blows of a hammer. 





gas burners 



F1g 1-12. A method of reheating for tempering chisels, punches, etc. 
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(c) Another common method employs chisels. Bring the temperature of 2 1/2 or 3 
Inches of the cutting edge of the tool up to the hardening point. Quench the 
tool by plunalng about 1 1/2 or 2 Inches of the heated end Into the quenching . 
medium and Jiggling It rapidly In an up-and-down ,and forward-and-backward 
motloh being sure to keep the point Immersed 1/2 1pch 1n the quenching tank at 
all times (fig 1-A3). 




Fig 1-13. 



a chisel 



(d) When the metal Is cooled to a'blackheat (900° to 950*>F), remove the tool 
from the quench tank, quickly pollsft the tapered end with an eqery board, and 
watch the' temper color "run out" untVl the desired color appears (usually a 
dark blue), Quench the* entire tool t* stop further heat of the cuttln^edge. 

(e) It Is well to remember that every chisel you see Is not a wat£r*har<lened 
chisel. Many aWe manufactured from special alloys and are oil-hardened. Most 
chisels of this type have directions for treating stamped on the shank as 
follows: 1,350 W 400 -or '1,600 0. The first means to heat to 1 ,350°F, 
quench In water and temper at 400°F. The second means to heat to 1 ,600°F 

and quench In oil. It Isn't necessary to .temper such rfWool , as It Is a 
special alloy. Other alloy chisels will have different directions stamped on 
the shank, which Is another reason vrty you should pay attention tfc the rule 
"Know the metal you are working;" Generally 1t 1s safe to assume that an 
unmarked chlstf Is a carbon steel w^ter-hardened tool, but give It a spark 
test to Identify It. m ■ j . v 

> # ft *% 9 

(f ) Equipment for quenching baths consists of tanks, circulating pumps, and 
coolers. Tanks must be large enough to allow the liquids to remain at about 
✓oom temperajture. If you do a lot*of quenching, you will probably have 
circulating i>umps and coolers to keep fairly constant temperatures. 



(2) 



To ughening . Th4 only difference between this operation and tempering Is th.at« 
higher drawing (reheat) temperatures are used (700° to 1;3009F) In 
toughening. This operation Is used vrfien the property of hardness Is unimportant 
and shock resistance and toughness are desired/ 



e. Case Hardening 



r 



fte of a piece of 
wk of tool steel 1 
can be hardened by 



steel to absorb 
s formed upon the 
heating and quenching 



tl) This process consists of causing the suH 
carbon. A thin shell having the propertl 
surface of the piece. The case or shell 

as though It were tool steel. Only the case, which has a high-carbon content, 
becomes hard, while the core remains soft, tough, and ductile. The case can be 
varied In depth from a few thousandths of an Inch to an eighth of an 'Inch or more, 
depending upon the process used. 

(2) Several processes are available for adding carbon to the surface of steel. In the 
patk hardening process, the parts are packed In charred bone or charred leather In 
a closed Iron container and heated for a considerable time In a forge or furnace. 
The longer the time, the deeper the case* In the cyanide process, the parts are 
heated In a bath of molten potassium cyanide. Since cyanide' Is one of the most 
dangerous poisons known* It should never be attempted except under expert 
supervision* The o*yacetolene flame, adjusted to give a carburlzlng mixture, can 
also be used to Increase the carbon content In a thin layer on the steel surface. 

(3) The nitrogen case hardening process, which Is known» as nltrldipg, consists In 
subjecting the machined and generally heat-treated materials to the action of a 
nitrogenous substance; commonly ammonia gas, wjder certain conditions thereby, 
surface hardness -Is Imparted to the material wUhout any further treatment. 
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EXERCISE: 



£tch the forms of heat-treating one through five, In column 1 with their correct 
definitions "a" through in column ?. , 



1. 
2. 
3. 
4. 
5. 



Column 1 

Annealing 

Normalizing 

Hardening 

Tempering 

Casehardenlng 



J 



Column ?. 

a. Gives steel a fine grain structure, 
extreme hardness, greater tensile strength, 
and Jess ductility. 

b. Iron base metal is heated above its t 
critical range and cooled in still air. 

c. Is used to reduc* stress, induce softness-, 
change ductility, or improve grafn 
structure. 

d. Causes the surface of a piece of steel to 
absorb caH>on: 

e* Heats steel to a temperature below 
critical range, holding un.til heat 
penetrates completely* and cooling in 
water, oil : or air. 



Wor* Unit 1-14. HEAT-TREATING EQUIPMENT 

IDENTIFY THE THREE pTPES OF HEAT-TREATING FURNACES. 

Equipment needed for heat-treating consists of a suitable means for brlnglnq the metal 
to the required temperature, a temperature-measuring device, and a quenching medium. ' Heat may 
be supplied by a forge or welding torch; however, you will 80 the jotf a lot easier and better 
If you have a heat-treating furnace' to work with. 

* 

Furnaces. The equipment that you have will de term Irte 'the manner In which you perform 
the various heat-treating operations. Your method of temperature control will greatly 

!«£ U 22 2?/f ,Mlt J y ° U ^l n ' Tl ? e more r ^ id] y y° u can maintain control, the more uniform 
your work will be. You probably won't have the most modern equipment to work with and may * 
have to depend on your eye to judge heat. Supprlslngly good work Is done by experienced 
heat-treaters using the >"dye of judgement." With sufficient experience, you W can -become 
adej>t at this method of determining temperature. » ' 

*• 011 -fired and gas-f 1 red furnaces . These ap constructed so trtat he firebox Is 
enclosed in a casing of steel plates electrically welded together and mounted on a steel 
frame. The lining of the furnace Is made of firebrick, Installed by a couple Inches of 
magnesia.' The magnesia lets the firebrick expand without (Sanger of damaging the steel 
casing. The heating chamber Is made of semlrefactory brick, which alfttfs for quick heatlnq 
The hearth plates are usually made of heat-resisting alloy with suitable flangds for holdlnq • 
the work In place. Furnaces are made to keep the same temperature throughout all parts of the 
heating chamber. ' ^ 

b ' Electrically heated furnace . This has the advantage of being quiet, clean, and 
constant In operation. The heating element of an electric furnace will be either of the metal 
o r ^n^ on_res1stor ^V*' Metal res * s l»rs are used where temperatures don't go over 
Z,000°F. Carbon resistors are used for higher temperatures. Most Shops have two furnaces. 
One Is for low- temperature operation, where most heat- treatment can be done; and the other 
/although smaller In size, Is a higher temperature furnace. It Is capable of the high 
temperatures necessary for some of the high-speed and special alloy steels.*. ' 

c ; g^jjfaqgcf ; -This Is often used for small parts that have been machine-finished and 
have to he heat-treated. Parts that are too large >to.be treated In a closed furnace may be 
treated In a bath furnace. A bath furnace Is simply a melting pot filled with molten salt, 
lead, or oil, and surrounded by firebrick. The bath Is kept at the required temperatures by 
means of electrical resistors. Figure 1-14 Is a schematic drawing of a bath furnace. 
9 » 
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Fig 1-14. Salt bath furnace. 



/ 



(1) Lead and oil-bath furnaces are principally for tempering, while s alt s may be 
procured for any temperature range. However, It is welT-to remember that 



(2) 



EXERCISE: 



'ifj-temoerature tempering salts are not capable of withstanding temperatures 
eededTor MgS-afl steel hardening Farts heated In the salt bat . are free o 
scaling, but you should be very careful to remove all traces of the salt after the 
treatment. . 

Generally, shops equipped with salt bath furnaces will have three furnaces 1n 
addltlonto the lowe/neat temperature baths that ma y be ava lable Th e 
temperature ranges for the three baths will be as follows: 1,000° to 1,550 F, 
1 450° to 1,9500F; and 1,8000 to 2,35Q<>F. Considerably less, time Is 
required for heating with the bath fu?naces than 1s required when heating with air 
furnaces. When the salt bath furnace Is used, the- entire p ece 1s. Immersed In the 
solution. This excludes air from the piece so^that no scaling can occur, -and th* 
piece will he bright and clean. t 



Answer the following questions and check yourTesponsK^galnst" those listed at 
the end of this study unit. - 




1. AJ1 the ones listed bellow are.types of. heat-treating furnaces, EXCEPT 
furnace. 



a. oil and gas fired 

b. coaJ fired 



c. electrically heated I 

d. bath 



l' { ,The best way of heat-treat1n,g metal 1s with a 



a. forge, 
b* furnace. 



c. welding torch. 

d. cutting torch. 
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Work Unit 1-15. THE PYROMETER 



IDENTIFY THE DEVICE USED TO MEASURE THE TEMPERATURE IN THE HEAT-TREATING PROCESS. 

Measuring devices . The device for measuring and controlling temperature art very 
Important. Temperature variation of a few degrees may seriously affect the physical- 
properties of the metal you are working. In order to get good results, you should use • • 
h ted Instrument known as a pyrometer to measure the temperature of the metal being 



* p yrometer (fig MS) cpnslsts of a thermocouple, extension leads, and a meter. It 

follows': Jf you'twlst or weld 1 ~- — ^" 



. a. A 

works as to 1 1 owst I f you ' twist or weld two wires of di ffSerent iietalf togeteer^uVheat'toem, 
y Z Wl 1 electromotive force or voltage. You can measure this voltage by connecting 

the cold ends of the wire to a ga vanometer that Is sensitive enough to read thousandths of I 
volt. At this point mathematics Is useful. The voltage that you have measured Is 
proportional to the difference In temperature between the hot and cold ends. In other words, 
the hotter the wires get, the more voltage Is generated. Since the pyrometer has been marked 
off In degrees Instead of electrical units, It measures heat. 

b ',, Th « thermocouple used 1n pyrometers for measuring temperatures up to 2,000°F Is 
generally of lower priced Iron, copper, nickel, or chromium. The more expensive ones of 
platinum and rare metal combinations may be used to measure a temperature up to 3.000«F 
The thermocouple is the portion of the pyrometer that Is InsertedTh the heat-treating oven to 
measure temperature. In bath furnaces, the thermocouple Is Inserted In thymol ten solution/ 

C ;^J 11oy e * ten ** on J e * ds are rade ° f the same material as the thermocouple. In effect, 
you might consider the thermocouple as extending from the furnace to the meter. Ry the use of 
leads you can put the meter far enough away from. the furnace so that' the cold ends won't be 
affected by tee sudden changes In temperature. These leads are carried In parallel and are 
covered with heat-reslstlnfl Insulation. m , e 

THtRMOCOUPLE 
(DISSIMILAR, METALS) 




CALIBRATED LEADS 
FURNACE WALL 



INSULATION^ 

Fig 1-15. Diagram of a pyrometer. ' 



d. The meter In Hie pyrometer does not really Indicate the temperature of the hot*nd of 
tee thermocouple, but registers the difference In temperature" between the hot and cold ends. 
This means that the temperature of the cold end has to be known and held constant. This Is 
taken care of automatically, either by a thermostat which operates a control spring to make 
the correction automatically, or by zero adjuster which you must operate by hand. - . 

e. Pyrometers may be of either the" Indicating or the recording type. The Indicating tVne 
must be read while the heating Is. being done. ThI recording type mtkei a permanent record oF 
the temperatures range' throughout the heating operation., Modern furnaces have pyrometers 
called controfler potentiometer pyrometers,- which you can set at any desired temperature to 
regulate the heating. Many gas- and oil-fired furnaces *re equipped with controllers which 

egulate and maintain any desired heat within range of the furnace design. . 



l.-# 
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EXERCISE: 



Answer the following questions and check your responses against those listed at 
the end of this study unit. 

An Instrument used to measure the temperature of the .metal being heated 1s a 



a. pyrometer. 

b. thermometer. 



c. temperature gage. 

d. thermostat. 



2. How manv types bff pyrometers are there? 



1 

b. 2 




c. .3 

d. 5 



Work Unit 1-lfi; . ATMOSPHERE CONTROL UN IT 

ID'ENTIFY THE MAIn'pURPOSE OF AN ATMOSPHERE CONTROL UNIT. * * 

Atmosphere control . Proper atmosphere control Is essential Jo rt££JtSSl^J« 
Some hea t-treating furnace s have an atmosphere control «1t attached* Sf^tructlor 10T 
of the controlled atmosphere hardening furnace Is shown jntjfu™ 1-16. J?6 cons^ uctl on or 
all air furnaces Is similar, but you Cwi find the exact details of the construction or. your 
furnace In Se^anufacturerjs Instruction ^manual along with Instructions for operating the . 
furnace • ■ ' .< v^. 



J- 




Sectional view -of contjplled atmosphere hardening furnace. 



h 

F1g 1-1& 

The main purpose of atmosphere control 1s to keep the metal from oxidizing. Either a neutral 
or sTlghtfy reducing atmosphere will Wve this purpose. A neutral Wpherels «J 
has no excess of either fuel or air. A reducing 'atmosphere has an excess of combustible 
«5el In the oxidizing atmosphere which contains an excess of air, that you tnust guard 
fStVvit After a little experience, you will be able to judge-the atmosphere by character of, 
the flJie. A long lazy fla P me Indicates excess fu«l or a reducing atmosphere while a blue 
flaml at the burner short and "sharp," Indicates, an excess of.alr or an oxidizing 
a^pner* At^sjhere can also be judged by observing the smt*e ™% 
.J^lnch cubes of wood. The character of the burning cube changes from, that of charring In.* 
reducing atmosphere to that of rapid burning, as the oxygen or rat1b,of air J> fjtl If 
Increased. To change the atmosphere from 0x1 dlzlpg to neutral or to slightly reduce It, you 
ScJeasfthe ratio of fuel to air. On oil- or gas-burn1ng furnaces, you adjust the fue I and 
al5 JSlJeTSilch control the heat of the furnace. On the electric furnace, you change the 
atmosphere by adjusting the fuel and air valves on the atmosphere control unit attached^ the 
furnace. Each steel has Its correct atmosphere. 

» ' • . • •» 

(a f High- speed steel— a reducing atmosphere (excess of fuel), 

(b) Alloy steel hardening from 1 ,6500 to M0Q°F--a neutral «Ji»^«; e - J 
desirable atmosphere for high-speed and alloy steels may be obtained by 
; oimp1ng an Inert gas, such as helium, Into the fur nnace chamber. Helium 
' * <- per l m1ts no oxidation or similar chemical action at any temperature. 



1 lw-alloy steels hardening from 1 ,400° to 1 ,650OF-a neutral 
atmosphere. TmtjrTtly on the oxidizing side. 



(c) Carbon and 
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EXERCISE: Answer M following questions and check your responses with those listed at the 
end of th/1s study unit. 

1. The main purpose of an atmosphere control unit 1s to keep the metal from 

a. . oxidizing. c. reaching critical point. 

b. melting. d. burning. 

2. Identify the most essential element 1n go6d heat-treating of metal. 

ft 

a. Fuel regulation 

b. Atmosphere control 

c. Correct amount of solution 1n bath furnace ^ 

d. Thickness of the fire bricks 

3. Atmosphere can , be judged by observing flam&, burning of small 3/4 inch cubes of 
woodj and by 



a. 



burnlna a charcoal briquet > \ 

b. observing color changes 1n the metal * 
) c. the smoke * w 



d. the amojpt of fuel being inducted Into the furnace 
SWWARY REVIEW 



am^jpt of fuel being inducted Into the furnace ^ 



r 

-3 



At various times during your career, you will have the occasion to draw from supply 
and frequently use materials described In this chapter. Although a given metal or alloy Is ' - 

available for your use In a variety of*fofms (sheets, bars, pipes, and structural shapes), 1t' 
has certain character sties and properties which make It more suitable for some applications 
than for others.- An Important part of your job 1s to know the properties and characteristics 

•of the materials with which you work. • Many of the Identification tests discussed 1n this • 
chapter will be In- dally use 1n some shops. In «ther shops, your opportunities, for gaining 
experience with these methods. are limit*. In. either case, keep your eyes and ears open. 

.Familiarize yourselff with the materials u\;d by your shop. When you* have th>-^pportun1ty , use - i 
the t«t» a^pg^wlth^the characteristics, as described 1n this chapter, f«fmeta! 

lde>tfT1caUon on kndwn samples; then, when you need to Identify an unknown piece ojf metal V 
you will know and redognjze the characteristics peculiar to dt. Only practice and Ixperience 
can iftke you an expei/t with metal xWetitl f1 cation j- - • v 

■ ^ ' ' ' > 

^rfswers to Study Urt1t #1 Exercises . , , 

Work Unit 1-1. 

1- c. ~ ^ - . * * ,' * . ' ; . - ' 

?. To control and direct the heat on the edges" ot the metals to fc' welded at 

suitable filter material to the pool of M ten me-tal . * ^ , X 

4. a.. Hlfi (Metat Ijje&t-Gas) | " v y 




-I b. j TJG {J4ings<t§hlnert Gas ) 



* Work Un1t,l-2..- 



\ 



1: Physical Properties - Are metal properties determined by chemical compositions 
which cannot be changed by heat-treatment. f 

?.. Mechanical Properties - ar^the characteristics of a metal that eriable It to' * V 
■s resist deformation by ex«bl forces. ^ •* 



\ 
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Work Unit 1-3. * ".■ ' 

1 a , • 10. (1) Chromium 

I c * (2) Manganese 

3* d (3.) Molybdenum 

/ b!' (*) Nickel 

5*' c! (5) Tungsten 

5] bl' (6) Titanum an'Columblam 

7" ' J # „ (7) Vanadium 

0! d! * * # 
9. d. 

Work Unit- 1-4. 

i. * ■ 

1. d. . . . 4. e. v 

2. c 5. b. . 

3. a. 

Work Unit 1-5. ; ' 

■la 4. a. The class to which the steel belongs* 

I b [ <v * <p b. The percentage of the predominant " al loylng agent 

-' ^ c. The average carbon content 1n percent. > 



3. c. 

r 



Work Unit 1-6, , ' * . • 

1. The ability to Identify metal by the color'and texture of the surface appearance. 

Work Unit 1-7. 

1. This test 1s made by removing- a small amount of material from the sample of metal ^ 
with a sharp, cold chisel.. 

Work UniV 1-8. - • - 

1. This test is made, by holding a piece of metal lightly against a grinding wheel and 
observing the sparks given off. , 

Work Unit 1-9*. - ' . 

1. Th^is test is made by studyjng the behavior of the metal under the oxyacetylene 
, ' tojsch. 

Work Unit 1-10. 

1. The process by which pertain desired properties are developed. 



I 



Work Unit 1-11. 

1. a. Get*the metal hot 

b. Hold the heat 

c. Cool' the metal * 

2. b. ' 



Work Unit 1-12. ' r 

l'. a. 

2. c. 

3 w c • « 

' 4. Grain Growth 



.< 43, . . 
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Work Unit 1-13. 



t 



I. 


c. 


2. 


b. 


3. 


a. 


4. 


• e. 


5. 


d. 



Work Unit, 1-14. 

1. b. 

2. b. 



Work Unit 1-15. 

1. a. 

2. b. 



* C 



Work Un4t 7-7.6. 



I. 
2. 
3. 



a. 
c. 
a. 



■4 ' 
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STUDY UNIT 2 
ARC WELDING PROCESS- 



STUDY UNJI OBJEWlVE: UPON SUCCESSFUL COMPLETION OF THIS STUDY UNIT YOU WILL 



/ 



IDENTIFYTfHE BASIC ELEMENTS OF ELECTRIC I TY^N ARC WELDING. IN ADDITION, YOU WILL 
IDENTI FYi THE CONSTRUCTION AND TYPES OF WELDS, ARC WELDING MACHINE ACCESSORIES, ARC 
WELDING /PROCEDURES, AND WELDING SAFETY PRACTICES. 

■ t/' 

Work Unit 2-1. ELECTRICITY IN ARC WELDING , f 

' . IDENTIFY THE RESULTS OF WELDING WITH "J^O LONG AN ARO.^ 

IDENTIFY THE CORRECT PLACEMENT OF THE ELECTRODE AND GROUND CONNECTION FOR STRAIGHT 
> OR- REVERSE POLARITY, 

IDENTIFY THE TERM "ARC BLOW" AND; PROCEDURES FOR CORRECTING IT. 



ELECTRICITY IN ARC WELDING 



r\>< 



a. Fundamentals. So that you can understand the process of electro-arc welding, a few 
basic facts about electricity should be known* One of the first facts is that a current of 
electricity will not flow unless there is a complete conducting path and electrical circuit. 
An electric current flows tflong a conductor just as water ftows through a pipe. To move this 
water, there must b* a means such as a pump or a difference in the water levels. In the same 
manner, electpc current will flow along a wire when there is a difference of "pressure" 
created by a battery pr generator. The unit of force or pressure. that tends to move 
electricity is the volt. You measure the rat© at which water flows through the pipe as 
gallons pr cubic feet per second. In much the same way, the rate at v*ich/^T^tricity flows 
becomes a certain quantity flowing per second past a certain point. This is caTVd an 
ampere . The amount of current flowing in the circuit depemjfr on the pressure (voltage) and 
the resistance (ohms) to the flow .of current (amperes). 

^ - 'm 

b. Arc-welding principles . The proper length odhe arc in arc welding (fig 2^) 1s- 
important for good welds. With the proper arc length, the heat is concentrated on the work. 
If the arc is too long, the heat will escape to the surrounding areas and penetration will be 
Insufficient. A short arc 1s more stable than a long arc, and the vapors from the burning 
electrode (rod) surround the arc pool and prevent air from reaching these hot areas. Proper 
arc length c^nnotcbe accurately fudged by eyesight but can be recognized by sound. A sharp 
crackling sound sffould be heard while the electrode is mov&d down to and along the surface of 
the work. When a circuit carrying # a current breaks, the current continues to flow across the 
gap between the terminals until the space becomes too long. Tor bridging this gap, 
superheated gases from the heated atmosphere and particles of metal from the terminals carry 
the current. This action causes an Intense white light called the electric arc. Since the 
resistance 1n this arc 1s high, a large amount of electrical energy converts'heat in the arc. 
The proper arc length causes the metal exposed to 1t to melt instantly. It is the heat 
produced this way that 1s available for electr1c-arc welding. The dc arc-welding machine used 
for electric-arc welding has a generator driven by some motive power (gas or dlesel engines). 
The. voltage of the generator will usually range from 15 to 45 volts across4he arc, although 

„ the setting may vary because of changes 1n arc length. Current output will vary from 20 to 
800 amperes, depending on the type of unit. In most welders, the generator is a . 
variable-voltage type, arranged so that the voltage automatically adjusts to the demand of the 
arc. You may manually adjust amperage of the welding curreriV Usually you may set it^at the 
proper range by means of a selector swlffch or by a bank of plug receptades. Using eliher 
method, you obtain the desired jjmpterage by connecting the field colls of the generator\at 
different points J;o either Increase or decrease Its strength. When you can manually adgust 
the voltage and amperage of the welder, the machine 1s a dual-control type. The welding * 
circuit (fig 2-2) conslstds of a source of welding current and an electrode lead attached. on 
one end to the power source and to the work on the other. In any electric circuit, current 
flows only when the circuit 1s closed. Welding current flows through the welding circuit only 
when an arc 1s established between the electrode ajid the work. When a dc welding circuit is 
closed, the current flows from the positive terminal thriugh the circuit to the negative 
terminal of the generator. The terminal to which the eltctrodef cable 1s connected defines the 
polarity, which 1s Important because 1t determines whether the greater portion of the welding 
heat developed 1s concentrated on the electrode side or }the work side of the arc. Studies 
have shown that about two-thirds of the heat of the arc 1s developed at the positive pole 
Thus, 1n straight polarity (electrode negative), the greater portion of the heat developed Is 
concentrated oh the work s1d,e of the arc. In reverse polarity (electrode positive), the 
greater nortrfw of the heat Is concentrated on the electrode side of the arc. Early 1n the 

/ hlstoryof welding, when bare steel electrodes > were' used* it was necessary to connect the 
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electrode to the negative terminal and the work to the positive terminal • .This procedure 
became known as straight polarity. However, when heavy-coated electrodes were Introduced, 1t 
was necessary to reverse these connections, hence the nam* reverse polarity. Again, in brief, 
straight polarity means the electrode 1s negative; reverse polarity means the electrode Is. 
positive. If the operation \>f coyere<yt J lectrodes with reverse polarity is compared with the^ 
operation of the same electrodes wij^stralght polarity, you will observe that reverse 
polarity gives slower electrode burn-ojf rates. At the same time, pene^ation is deeper and 

r4i 



more certain and the weld metal is mor# fluid and slower to freeze 



fuOM 



A. Arc length too long. 




M/ Short nrc, more stable. 



F1 g 2-f. Characteristics of arc length. 



\ 



(ARROWS INDiCATF CURRfW) 

tLC_CTRODE 



CLfCTROOE 





' WORK 




A. STRAIGHT POLARITY 



L 



B.RtVtRSC POLARITY , 

r— : \ 



F^g 2-2. Polarity of welding currents. 



V 



c. Depositing filler metals . Filler metal transferred from the electrode tip to the base 
metal 1s probably the result of a number of forces. Some of these forces have little effect 
on the transfer of the metal. Others are theory. The forces commonly thought to be involved 
are gravi ty/sifrf ac extension, gas expansion, electromagnetic forces, and vaporization and 
condensation. Some of these forces play a bigger part 1n the transfer than athers. A brief 
discussion of each' force fol lows . " 

(1) Vaporization . An intense heat is developed by the arc, but this heat energy is 
sufficient to vaporize only a small portion of the metal atothe electrode tip. 
Some of this vaporized metal passes through the arc and then condenses when it 
contacts the molten pool on the base metal which Is much cooler. Another portion 
of the vaporized filler metal escapes the surrounding air and appears as spatter. 
"Sioce.only a small portion of the filler metal 1s vaporized and since the bulk of 
the filler metal from the electrode 1s actually transferred to the Weld, it 
follows that additional forces are at work. ' t ^ 

(2) Gray rty . This may account for some metcU transfer In the flat position. However, 
since the rate of metal transfer is ias grSat in the vertical and overhead 
positions, gravity does not appear to be an important factor. " In fact, metal 
transfer in arc welding seems to defy the force of gravity. ^Actuall y, gravjty may 
become a problem in the^ovfirh^ad position if the molten pool of.metal becomes so 
large that surface tension cannot contain the metal 1n the pool 
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(p) Surface tension . This is the force that mak.es 1t possible for* a gently placed- 
needle to be supported by the surface of water. Th1$ force 1s very Important in 
retaining the molten metal In the pool of the joint. It also tends to draw a 
molten globule of metal Nnto ^the pool once contact between the globule and the 
pool has been made. On the other hand, surface tension has no tendency to protect 
parti,cl$sifrom the electrode tip through Intervening space lo the pool. Insofar 
as metal transfer is concerned, surface tenslon'iis of 1 Ittle" Importance except to 
retain the shape and the transferred metal In the Vool . J " 

'(4) Electromagnetic forces . Pinch effect resulfs from electromagnetic forces which 
arise from the high current passing through the metal globule at the electrode 
tip. This exerts a compressive force on the globule and tends to pinch or detach 
the globule from the electrode. Pinch effect was once thought to be Important in 
metal transfer, but more recent Investigators doubt that the force Involved Is 
sufficiently great to ajjjount to much metal transfer. 

(5) Ga$ expansion , (fig 2-3). Thl? theory explains metal transfer on the basis of gas 
pressure developed In the metal. The source of -this gas Is attrubuted to 
Impurities. Heat causes the gas to expand and build up pressure. .Either or both 
of two things may occur: (1) the gas Is liberated at high velocity, It carries 
metal particles; or (2) the gas forms beneath the surface of the molten metal and, 
because of surface tension of the liquid metal, the gas expansion forms bubbles on 
the^lp of the electrotfe/ The bubble may expand until It contatts the molten pool 
on the work and short-circuits the arc, permitting transfer with the aid of 
surface tension from the pool on the base metal • On the Qther hand, gas pressure 
may burst the bubble, producing a fine spray of "particles In the direction of the 
work. Considerable evidence has been accumulated to support this theory of metal 
transfer. ? 
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Fig 2-3. Characteristics of the shielded metal -arc. 



d. Arc blow . There Is one Incident that frequently occurs when welding with direct 
current that you must understand so that you will recognize It when it occurs to be able to do 
* something about It. This Is arc blow, one of the more frequent annoyances with which t^he 
Inexperienced welder must contend. When you are welding 1n corners, or are approaching an 
abrupt turn la-adding, magnetism makes the arc unstable ^and difficult to control. The . 
experienced^ welder will recognize this pendency and will 'take corrective measures before he 
loses control. Arc blow occurs when the electromagnetic field that surrounds every 
current-carrying conductor 1s distorted, a greater pull Is exerted on one side than on the 
other. v As a result, the arc tends to waver or t^low out the side of the electrode, consuming 
the covering faster on that side. Your first warning will come when the magnetic force takes 
control of your arc and causes it to weave around like a recruit on his first liberty in 
J-ville. If you don't do something fast, the heat becomes so intense, and the changes so rapid 
that you will lose your arc with an explosive burst that wi 1 kcarry *away the molten metal from 
the weld* Arc blow can be overcome by changing the direction of current f low, by changing 
ground connections, by modifying the magnetic field with m&al bars across the weld groove, by 
working towards the ground from any oend in the line of weld, or by tilting the electrode. In 
arc welding, the current travels first in one direction then in another, practicably 1 
eliminating arc blow. - 

/ 



BEST COPY AVAILABLE 

2-3. M. 



EXERCISE: Answer the f611ow1ng questions and check your responses against those listed at 
the end of this stu<fy unit. , 

1. The unit of force that tends to nove electricity through a circuit 1s known as 
a(an) 



a. volt. * ' c. ainpefe. °~ 

b. watt. d- ohm. 

r 

2. The flow of electric current is called the 

a. volt. c. . ampere. 

b. watt. d. Ohm: 

3. Insufficient penetration and heat escaping Into the surrounding area 1s caused by 

a. too long an arc. c. setting on the welder to high, 

b. too short an arc. d. the wrong size electrode. 

4. A dual control Welder 1s one 1n which the desired current 1s selected by 

a. manuil adjustment of the voltage an\l amperate rate. ^ 

b. tapping the field colls at various pointy, 
c/ automatically adjusting the voltage to.mee^ the arc demand. 

' " - / - : 

■ electrode 1s 



d. tapping the generator core at various points. 
5. Reverse polarity occurs when the work Is ______ * nd th ^ 



a. positive --. positive. c. negative —'positive. 

b. positive -- negative.- > d. negative — negative. 

6. Straight polarity of a welding circuit 1s defined" by the 
a. north pole. 

d*. south pole. , • 

c. electrode being connected to the negative terminal. 

d. electrode being connected to the positive terminal. % _ 

'7. The beneficial} force which holds the filler metal to the bare metal 1n vertical 
welding 1s the' , ' 

a. surface tension. c. gravity. . 

b. arc blow. ' d. gas expansion/ . * 

8. When welding 1n corners or approaching an abrupt turYi, Jnafenetlsm makes the arc 
unstable and difficult to control, you are; experiencing / 

( <y 
a:'"Vc bloW - c *" gas,^*" 510 "- 

b. electromagnetic forces. . d. gravity. 

*~9. Three methjfdTof overeoming arc blow are by changing the ground connections, 

* * ' . tilting thU^B^rode and t 

J' ^ as<* Increasing the current, c. changing the direction of current flow. 

bfcVdecreasVigAhe currect. . d. decreasing the voltage. 



- • / - , ■ 

Work Unit 2-2. Q0NSTRU6TI0N AND j4fZS OF WELDS . ' 

LIST THE ThREB. P^NCIPLE PARTS OF A GROOV^AND FILLET WELD. 
4 . . J WTCH'THE FIVE TYPESv^F JOINTS WITH THEIR USES. * 
LIST THE FIVE TYPES OF* WELD&. 

A person's knowledge .about his fleld/ls usually reflected by his vocabulary. It 1s 
essential that you have a good command of the technical vocabulary related to your, work. This 
will make 1t possible to cfonvey Information and exchange Ideas accurately. Here we are 
concerned with tern* that apply more generally tb>4] 1 ( wel d1 ng processes, namely, types of 
joints, welding positions! Joint parts, weld parts;* weld J ng procedures, and sequences. 



, % 
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"offM «*ure of the weld (fig 2-4). Although there are many kinds of welds two that 
K r ^°L particular 1m P ortan <* at this tine are the groove and the filled Principal Dar?s of 
both the groove and the fillet welds are the root,*toirand face. 11 ^ mnc1pal P arts of 

(1) Root of the weld. The roo.ts of the wel* as shown In the cross section, are the 
points at whlth the bottom of the weld Intersect? the base-metal surfaces 

(2 > base°metar Wld, : r^ ' $ Junct1on betweeh the face of > e weld and the 

(3) l£%^£ e ^?]& » 1*1* it the ex 5 0$ed surface area of th<? we1d » extending from 
lading was 9aS " Weld1ng P rocess ' on the s1d « from which the 

(4) Fusion zone. This Is the region of the base metal" that Is actually melted. 

^ Si Y^ ttFt tMS 1$ th f f111er netal excess ' on face of the 9 r <>ove 
weld, which Ts an excess of the metal necessary for the specified weld size. 

(6? tS of thVWu T U \a Th n '2 f Lff e d1stan <*"*r™ the root of the joint to the 
toe of the fillet weld. On the fillet weld there are two legs. 

(7) Throat o f a fillet weld .' On the fillet weld there* are two throats, 

(a) Actual throat. This 1s the shortest distance from the root of a fillet weld 
to its face. 

. j (b) Theoretical throat. This Is the perpendicular distance between the hypotenuse 
/ l<* ' ar f !J r I gh ? tr1an 9le that can be drawn within the fillet weld cross 

section and the beginning of the root of the weld. 

(d) Slzeofweld On an equal leg- length fillet weld. Wslze Is designated by the 
leg TengtFTof the largest Isosceles right triangle that can be drawn within the 
fillet weld c r o« section. For an unequaMeg-length fillet weld, the size Is $ 
designated by the leg length of the largest right triangle that can be drawn In 
the cross section of the weld. For example,\t£*the legs are 1/4 and 3/8 Inch the 
size of the weld would be 1/4 x 3/8 Inch. The size of a groove weld Is thelolnt 
.-penetration (I.e., the depth of the bevel plus the root penetration when 
specified)- 




b. Types and preparation of weld joints . There are five basic types of weld joints used 
In wejd $triictures . Although there are many variations, every joint you weld will be one of 
these basic types. The properties of a welded ])o1nt\ depend on the correct preparation of the 
edges that are to be welded (fig 2-5). The edges should be prepared to permit fusion of the 
metals without excessive heat loss through radiation Into the base metal. To pt*v*nt their 
Inclusion 1n the weld metal, all mill scale, rust, oxides, and other 1mpur1t1eslmust>be 
reTm^ed from the joint edges and surfaces. Also, with a properly prepared joints a minimum 
amouift of expansion and contraction will result. Joint preparation 1s governed by the type of 
joint being used, the thickness of the metal,. tye load whlchthe weld will be required to 
support, and the means available for preparing the edges to be joined. 
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Fig 2-5. Edge preparation before welding. 



Butt joint (fig 2-6). This type of joint 1s used to join the edges of surfaces of 
two plates whose ends are lying In approximately the same geometric plane. The . 
edges can be prepared by cutting or grooving with oxyacetylene, by shearing, 
machining, clipping, or grinding. Whatever the method used to prepare the edges, 
all scale, dirt, grease; and oxides must be removed. v Joints, shown 1n figure 2-6 
are used 1n butt-w$ld1ng light sections of sheet metal. Plate thicknesses of from 
3/8 to 1/2 1n. can be welded using the single V-type, or single U-type joint as 
shown 1n figure 2-6. The edges of still heavier sections would be prepared with a 
double V or double U. In general, butt joints prepared from both sides permit > 
easier welding, produce less distortion, and Insure better weld-metal qualities 1n 
heavy sections than a joint prepared and welded from one side. - 
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B. Butt joint preparation fo^heavy sections. 
* v Fig 2-6. B/tt joints. 
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(2) Corner joint (fig 2-7). This ft i^sed to join two members located approximately at 
• right angles to each other. The/joint area in this case is between the edge-of 
one member and the side or edge (of the other member. It is used mostly' in the 
construction of low pressure tadks, boxes, frames and other similar objects. The 
close-type joiyit (fig 2-7B) is used on light sheet metal where joint strength is 
not required. When welding this' type with oxyacetylene, you use little, if any, 
filler metal. Usually the overlapping edge can be melted°dowr?ito make the wrld. 
In arc gelding, only a verv light bead is tequired. When the close-type joint is 
used for heavy plate, the Tapped plate is V-beveled or U-grooved to permit 
penetration to the root of the joint. On'heavy plate, the joint Is welded fr<jm 
both sides, first from the outside, then reinforced from the back side with'a seal 
be ad . — 




FILLET JOINT 




CLOSE-TYPE JOINT OPEN-COANEft<JO|NT 




H£AVY PLATE CORNER JOINT 

\ . » 

Fig 2-7. , Corner joints for sheet and plate met.al. 
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(3) Edge Joint (fig 2-8), This type of joint? f ts not very strong. It 1s principally 
used Jo join the edges of sheet metal and to weld reinforcing plates in flanges of 
I-beams or edges of angles. Two parallel plates 4f1g 2-8A) are joined together by 
means of an edge Joint weld. On beavy plate, sufficient filler metal 1s.added to 
fuse each plate edge completely and to reinforce the weld. Light sheets are 
welded by using Joint B In figure 2-8 No edge preparation 1s required other than 
cleaning the edges and tack welding them 1n position. No filler metal Iflf 
necessary as the edges are simply fused together. However, the a joint shUWn In C, 
figure 2-8, 1s for welding heavy steel plates and requires that the edges be 
beveled so that good penetration and fusion of the sldewalls 1s obtained. This 1 
type of joint requires filler metal. Some typical applications of this type weld 
can be found on mufflers, tanks for liquids, housing, etc. 




Fig 2-8. Edge joints for light and heavy plates. 



(4) 



Tee joints (fig 2-9). yThls type of jolpt^ls used to weld two plates or sections 
whose surfaces are located approximately 90° to etfsh. other at the joint, but 
where the surface of one plate 1s not 1n the same pTWid as" the other. * ■ 
Illustration A of f1gure"2-9 shows this type of planeKtee jolrtt welded from both 
sides. This type will require no edge preparation other than cleaning of*the 
surfaces. B through E of figure 2-9 show edge preparation for typical tee . 
joints. Plates with thicknesses up to 1/2 1n. use the single-bevel joint. The 
double-bevel joint (/fig 2-9C) 1s used on heavy plates or sections that can be - 
welded from both sides and with plates having thickness of 1/2 inch or more. 
Where welding can beltane only from* one side of the plate, the s1ngle-J joint ts 
used. The double-J Jiint 1s used far very heavy plates that can be welded from 
both sides. When weldfng these jo/nts, you must take care to insure that there ,1s 
good weld penetration into the root openings between the vertical and horizontal 
elements. This penetration is further aided by the rpot openings. 
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Fig 2^9"" Tee joints^ plain /and prepared*. 
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(5^ lap Joint (fig 2-10). This 1s used to join overlapping plates or secAns so ti*t 
the edge of one plate 1s welded to the surface of the other. Where tllPf>osition 
of the Jplnt doesn't permit welding from both sides, these jolnts^inay be made from 
one side only. However, full strength 1s not realized when welded In this 
manner. The double-lap joint, when welded on both sides will develop the full, 
strength of the welded sections. Preparation for these two types Involves nothing 
more thafl cleaning the surfaces of the welding areas. On an offset lap joint, 
where the overlapping plates must be 1n the same plane when joined and welded, the 
weld offers more strength than the single-lap joint, but preparation for .the joint 
Is more difficult. 



c 



c 



3^ 



© 



© 



© 



Fig 2-10. Lap joints - . 



a* Types of welds and welding positions . A weld is obtained by suitable heating, 
bringing together the Surfaces to be joined, and usually the addition of molten filler metal 
between the jojnt surfaces. These surfaces are bound together by the use of weld patterns * 
which haye various names, the most common are bead, fillet, tack, groove, plug, and slot 
weld. These welds are applied In four different positions: overhead, flat, horizontal, and 
vertical. Both the .weld types aryl positions will be discussed tp the'fol lowing paragraphs. 



Jl) Weld types . 



jaj Bead weld , ^Usually a bead weld is made by depositing filler metal on an 

unbroken surf ace In a single direction. A bead may also be made without any 
externally added filler metals by simply forming a molten puddle 1n the base 
metal with a heat source and then moving the heat sourc* In one direction. 
Bead welds are used principally on- butt-type joints and to build up a 
surface. The cro^s section of a bead weld has an oval shape. \ 



(b) Fillet weld . To join two sections that are at right angles to one another 

- would require a fillet weld. Triangular In cross section, fillets are used to 
weld lap, tee, and Conner joints. In addition to the face, toe, and root, a 
fillet weld ^as two parts with which you should be familiar: The legs and 
throat. A knowledge of the terminology relating to. fillet welds 1s necessary 
so that you can understand precisely what size fillet weld 1s required by 
specifications for a given job.. 

(c) Tack weld . This 1s a short temporary weld deposit made to hold parts in 
proper alinement while they are being welded i Size of thqse welds are usually 
not specified, but they must not be more than 1 Inch In length and they must - 
be as small as practicable" with the electrode being used'.. Tack welds must be 
Incorporated into the final weld. If they are cracked or broken, ^they must be 
chipped out before final welding. 

(d) Groove weld * This type of weld 1s made In specially prepared grooves between 
two sections to be joined. Most frequently used for butt joints, 'It is 
designed to provide the strength requlrecLjMth the minimum amount of deposited 

\ filler. The section of the groove we1<HWes1gn depends on the thickness of the 
plate being welded and accessibility to the Jo tnt" being welded (I.e., access 
to both sides or only to one side). With few exceptions, the edges of the 
rtjetal being joined by welding mqst be specially preparedt^wirtlcularl y for 
groove welds when the metal thickness exceeds 1/4 Inch. This preparation 
Involves beve 11 n^br grooving the edges 1n the joint areas. Figure 2-11 
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Illustrates some of the standard groove welds. Joint design details revolve around tfre size 
of the groove and the space existing between the members of-. the joint. Specifications for 
joint designs are expressed 1n terms of bevel angle, groove smgle, groove radius, and root 
opening. Figure 2-12 depicts these terms. j 






fclNGUU GROOVE WtLD 



DOUBLE U GROOVf WILD 



Fig 2-11. Standard groove welds. 



~G*OOV€ RADIUS- 



-ROOT OffMNC 




KYfL ANGLf 




GtOOVC ANGLE 




F1g 2-12. - x The bevel angle* groove angte, groove radius, 
and raot opening of joints. 



/ 



(e) Plug and slot welds (fig 2-13) . ; A plug weld is* a Circular weld niad^ through 
one member joining that member to another, it can be made' through a hole 
punched or'cut 1n the first member, or it carr be made without. punching a hole 
in the f irst^member- It does not necessarily have to be filled *<dmp1fete1y 
with ja filler metal. Normally plug welds are use^d to fill holes. Th^ 
similarity between the slot weld and plug weld is th$ elongation of the hole 
in the slot weld. * Slot welds permit development of required strength where 
fillets or butts are not economical. 




UOT Wf LPS 



Fig 2-13. Plug and slot welds. 



(1) Welding PosUions (fig 2-14): Welding must be performed 1n different posU1 
In engineer 'or motor transport maintenance facilities, welding 1n the flat - 



ons. 




position 1s not always possible. The positions for welding are flat, overhead 
vertical, and horizontal. When welding Is performed In thl flat position? the* 
^p W S^ fr0m iH th ? T er S J de 0f the 4 Jo1nt. In this position, the upjer 

Stt^?,^nJStJ Bld «t, i ! 8 i lane Parallel t0 the hor1zon - Th1s 1s the case 1n 

I!?! J 1llet and srooye "Ids. In the horizontal position, the 

K5!St5 « 1n a vertical position, whil e the -axis of the weld 1s 
horizontal. The face of a groove weld produced 1n the horizontal position Is In a 
vertical, plane. * horizontal -position fillet weld 1s slightly d fferent from that 
of a groove weld Welding a fillet In^the horizontal posltlo? InvolIS dJSlflS 
filler metal .on the upper side of a horizontal surface and against an approximate 

Jh! 6 la , H J ? ,,p ? d *- Wh ^. Weld1ng 15 P erforme o m the vertical position, the 
axis of the weld. 1s In. a vertical j>lane, 1n both the groove and fillet welds . the 
face.of the weld 1s parallel with the horizon, and in this position the wld ntetal 

dosU? »?x d 22 1 i e l. i Ih^r ar J- iUr r :tl0n - Weld1ng performed ^ thTove ne^d 
^ J/°f. r( !, the tnderslde of the joint. The axis of the weld is the 
ame as that- of the flat-position we.ld. Here too; the weld face 1s para lei with 
JS*^ 1 J!!' bUt \J tS Si**** 1 " 0 " 1s approximately 180° from the face of a 
h c P k L°" We ]?; ^ 'terms flat, horizontal, vertical, and overhead adequately 
describe the positions in whfch plates are welded. . «ieuu«eiy . 
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1/ 



AXIS Of WILO 
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■7/ > 



f LAT POSITION 
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VIKTICAL POSITION 



AXIS Of WHO 



f " AXIS Of WELOv I 

>""1 




OVIRNIAO POSITION 



OVIKNIAO POSITION 



Fig 2-14. gelding positions., N 

EXERCISE: Answ& the following questions and check your responses against *those'l isted 
the end of this study unit. " ■ „ ■ „ . ■ 

1. List the three principal parts'-of a groove and fillet weld. 



at 



b. 

c . 



2. The point of the weld - at which* the bottom Intercepts the base metal surface 1s the 



a. ro^^%T^7ie-4i5(ekL 

b. face of the ^eTdL^ 

'3. Define fusion zone. 



c. throat of the fillet. 

d. leg "of the fillet. 



^he» exposed surface area of a weld fronvtoe to toe 1s the 



a. face 

b . root 



c. fusion zone. 



f. 4 
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Note: Questions 5-7 refer to the diagram below. 




5. Which line indicates the actual throat of the weld? 



7f$ 



A 

C 



B 
0 



E 
G 



6. Which line Indicates the size of the weld? 



a. A 

b. C 



B 

D 



E - F 
G - H 



Which line indicates- theoretical throat of the weld? 



, a. .A -" B 
b. G'- D - 



c. E 

d. G 



Note: Questions 8-9 pertain to the diagram below. 




&. The are^ indicated byline A Is known ars the 



a. face . c . edge. 

' b. angle. d. opening . 

9. The area Indicated by Tine B is the 



a. bevel angle. 

b. groove angle. 



c. root face*. 

d. groove radius. 



10. To, join two sections at right angles to one another, you would use a 
■ weld. 

a. tack c. fillet 

b. plug d. seamf 

•11. Mn welding, overhead, flat, and horizontal are considered to be 



a. techniques , 

b. positions. 



c. methods.' 

d. difficulties. 



•12.' A weld that is made through onejnember to join the t4ft meml^s together 
^ exiled weld. || ■ - 



a% flash 
b. ; fillet * 



c. spot 

d. plug Sy 
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13. Select the correct diagram Indicating a horizontal weld. 






"a^ Of vmo' 



AVtt Of NVMOv 




14. List the five types of welds, 



a. 
b, 
c. 
d. 



Matching: tfatch the five types of joints iri column 1,(15 
uses. 



Column 1 



Column 2 



19), with theln correct 



15. 
IS. 
17. 

' 19. 



'Butt 
Corner 
Edge 
Tee 
Lap 



a. To join two edges of sheet metal 

b. To join two plates at a 90° angle to 
each other 

c. To join two edges of surface? of two 
* " plates located approximately In the same 

* .geometric plane Hi 
d« To jojn two members located at right 
" angles to each other 

e. To join overlapging plates 

Work Unit 2-3. ARC-WELDING MACHINE ACCESSORIES _ - t ' 

DEFINE PERSONAL PROTECTIVE DEVICES. 

LIST THE EIGHT JOOLS AND EQUIPMENT USED IN ARC-WELDING. , ' > 

STATE THE BREAKDOWN OF AN ELECTRODE. 

a. Welding cables . The cables which conduct the welding current from the power Source to 
the- weld and then back to the source must have ample current-carrying capacity* good 
Insulation, provisions for coupling, flexibility, and durability. A highly flexible cable fs 
used between the electrode holder and the welding machine. The ground cable, wh,1ch connects 
the work and the machine, does not have to be as flexible as the cable attached to the 
electrode holder. Two factors determine the size of ^the welding cables selected for use, the 
amperage rating of the machine being used^ and the distance between the work and the machine. 
1f amperage and distance are increased, the s1/e cff cable must be, Increased. A cabld which 1s 
too $mall 1n relation to the anperage being used will become overheated. Likewise, a cable 
too small 1n relation to the distance Involved will not carry sufficient current to the arc 
without becoming overheated. < On the other hand, cable that 1s too large 1s more difficult to 
hanclle. CaMes tfiat are suitable for the type of equipment that you are using are furnished 
with that particular t'ytfe -of machine. * If you nave more than one size cable available to 
the information 1n figure 2-15 will servfe'as a guide for proper section.^ 
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F1g 2-15. Recommended cable sizes. 



As a rule, the shorter the cable length between the work and the machine, the better. It 1s 
-recommended that the maximum length of 4/0 cable for% a$40Q-ampere welder be nqt over 150 
feet. The longer the cable used, the greater the cable *s1ze required, and wlUi the increased 
size you lose the ease of handling Qf the cable. So instead of increasing .the, size of the 
cable, move the machine closer^to N the work. , 

b. Electrode holder (fig 2-16). This*is essentially a cl amping clevice for holding the • 
electrodes^ It is provided with a hollow Insulated handle .through which the welding cables 
pass to connect with the clAiip. The advantage of -this insulated handle Is that It can be 
touched to any part of the $&rk without {Janger o*f a short circuit. The clamping device 1s 
made of an alloy which Is a good conductor of electricity and durable under high temperatures 
and constant use. It is designed to permit the electrode to be held- In any positibn and also 
.permit easy change of electrodes. Holders aVe made in a \Jariety of designs and sizes, each 
intended for use within a given range of electrode wire diameters and wHhln a maximum 
welding-current amperage. Thus, a larger holder is required ^or welding with a machine having 
-a 300-amp rating rather than a 100-amp unit. If the holder is smaller th s an required for the 
particular amperage, it will overheat. The holder selected, should be large enough to do the 
job, hut not' larger than necessary. *You should be able tor handle it with relative ease. 




Fig 2-16. Electrode holders. 



c. Personnel protective devices . The need for personnel protection arises from the fact 
that during a welding process there is intense light, reflected glare, radiated heat, ar^ 
flying particles of hot metal* Any device that protects the welder from these hazards is 
Important. Consider eyes first. Injury to other parts of the bodyjnay be incapacitating and 
painful, but usually body tissue is capable of repairing Itself' without permanent injury. Not 
so the eye^ Unfortunately, loss of sight is almost always permanent. For this reason, ey^ 
protection is of the utmost importance, not only.to the welder, byt to others who may be^in, 
the vicinity, of the welding operation. The type of eye protection used depend^ on the type 
and position of the welding. Rigid-bridge, spectac l.e-t ype g9ggles or eyecup-type goggles with 
sultante filter lenses are used during gas-welding operations. When welding is done at or 
above the' gye level, only eyecup-type goggles which conform to the contour of the face should 
be worn.' For arc welding, a welding helmet having a suitable fl Itered lenS^ls necessary. 
When these operations are performed 1n areas where other welding 1s going on, the. welder 
should wear spectacles with side shields or eyecup goggles beneath the welding helmet- to' 
shield the user from glare and radiation from adjacent work. A filter lens may be used, 
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however, the sum of the filter lens from the goggles arid the welding helmet should be equal to 
the filter lens number that H recommended as being safe. Helmets, hand shields, and goggles 
used tor welding are of a nonflammable Insulating material* They are fitted with a protective, 
color filter and a clear cover glass, the purpose of these 1s to protect the color lens from 
becoming pitted from flying sparks and weld spatter. The lenses are fitted 1n such a way as 
to provide easy removal and replacement without any tools* These colored lehses are available 
In different shades, and the shade number selected depends on the purpose for which eye 
protection Is required and somewhat on the Preference of the wearer. Remember though, these 
lenses serve two punrffses: they reduce th/^lntens1 ty of- the visible light to a point where 
there Is no glare, /nd they protect the eyes from harmful Infrared and ultraviolet radiations 
emitted from the arl or the flafne/ Consequently the shade filter selected should not vafy 
more than two shad* from the numbers recommended In figure 2-17. Eye protection for yourself 
1s essefltlal, but you'also have a responsibility to others. The flfashes from "the arc are- 
liable to cause temporary and painful eye, burns 1f protection -1s f\6t provided. Areas 1n whloh 
welding 1s done should b* painted fTat black to. prevent flickering reflections. If possible, 
the area should also be enclosed by a booth or screens painted with a nonreflectlng color. 
Pr6tect1on of the other parts of the B64y as well as the eyes 1s also Important during welding 
operations. A variety of protective clothing has been designed, is available, and should be 
used whenever you are Involved In any welding operation., tike the eye protectors, the 
clothing selected will vary ^th the nature of the work* During any welding or cutting, you 
should wear flameproof gauntlets. For gas Welding, you should use the 5-flnger glove; for arc 
welding, the l-f1nger mitten. In common with other leather protective clothing for welders, 
gloves are m^de from split cowhide which has been chrome-tanned. This process co^dltlOi^s the 
leather, and makes 1t more effective against heat &nd more resistant to heat-deteriorating 
effects. Both types will protect.your hands against heat and«m*tal spatter. Many light 
gas-welding jobs require no.jnore protection than gloves and goggles. Medium and heavy gas 
welding, all clectr1c-arc welding, and any job 1n the overhead welding 



Shade No. , Operation 

Up to 4" . Stray light from nearby welding and cutting operations and 

> from electric spot welding^ 

5, ' A Light gas cutting and welding. 

6 • €as cutting, medium gas welding, and arc welding yp to 30 

\ amps. ' ' ( 

8 — Heavy gas welding and arc welding between 30 and 75 amps. 

10 — Arc welding between 75 and 200 amps. 

12 Afcc welding between 200 and 400 amps. 

14 Arc welding exceeding 400 amps. 



F1g 2-17. Recommended filter lenses for welding operations. 

< 

position, require specially designed clothing made of leather or asbestos material to protect 
you against radiated heat, splashes of hot metal, or sparks. This clothing consists of 
aprons, sleeves, combination sleeves and bib, jackets, and^overall s, which afford a choice of 
protection depending on the, nature of the welding operation. Sleeves provide satisfactory 
protection for welding operations .-at floor or bench level... m Cape and sleeves are particularly 
suited for overhead welding because the cape protects the back of the neck, top of the 
shoulders, and upper parts of the chest and back. Use of the bib In combination with sleeves 
and cape gives added w prdtect1on # to the chest and abdomen 1n cases where protection to the back 
1s not required. *The jacket should only be worn when 1t 1s necessary to protect the entire 
upper half of the bocty, such as when welding 1n close proximity to several other welders. 4 
Aprons and overalls provide 4 protection to the legs and therefore are suited for welding 
operations on the deck. When welding In the overhead "position, welders should wear leather 
caps under their helmets to prevent'bead burns. When thtfre 1s danger from sharp or falling 
objects, hard hats or head protectors attached to forrihpart of the helmet sjhould be used. If 
leather protective clothlna 1s*not available, woolen3*jfther than cotton garments should be 
used, since wool does not ignite as readily as cotton and affords better protection from the 
heat. As with any electrical device, the danger of shock and electrocution during arc-welding 
operations Is always present. Before preventive maintenance or repairs of any nature are 
performed' on the welder, th6 electrical system must be deenerglzed; also, When the welding 
cables are attached to the welder. At no time should welding be performed In damp or wet 
areas unless 1Ms an absolute emergency. °Then the operator should be protected from the 
ground surface by the use of rubber Insulating mats or dry wooden duckboards. When replacing 
electrodes. In the electrode hoi def, move the holder far enough away from the material belrtg 
welcled so that there 1s no danger of accidentally grounding the. holder, electrode, and the 
work all at the same time while the electrode 1s In your hand. Generally speaking, all rules 
governing the safe handling of electrical apparatus shoujd be practiced and observed ^t,all 
times. Keep-.y our mind on the business at hand; don't be daydreaming about tonight's liberty 
run, or you may not be making ft. 




.d. Tools and equipment . In addition to welding machines, flexible cables, electrode 
holders, and protective devices, the arc welder also has a need for chipping hammers, *w1r 3. 
brushes, welding tab!*!* backup bars, and other Items of equipment to properly start and 
finish a welding operation. As you start to weld, you will notice a slag deposU appear on • 
the surface of the weld face. Before you can do any further welding, these deposits of scale, 
oxides, and slag must be removed by using a chipping hammer (fig 2-18) to break the sc*1e and 
a wire brush to further clean the weld surface area. In order to .have good, sound, solid 
welds 1t Is necessary that the weld area be clean or gas pockets will form In the weld area 
and result In Inferior weld beads. When welding thin aluminum, and making certain types of * 
joints, you will find 1t necessary to use backup bars (f 1g 2-*19). "These can be either blocks, 
strips, or bars a of copper or cast Iron. For\>weld1ng aluminum, nickel, etc., backup plates are 
used because these metals become weak just ffeford the melting point 1s reached* These plates 
are not only a reinforcing^ measure, but act as chill plates 1n tf>at they dissipate the heat 
away from the weld area. Because of Its' good conducting quality, copper Is particularly 
effective for use as backup plates. During arc-welding operations, It 1s necessary that a 
good ground contact be maintained and that the work be as stable as possible. The use of • 
C-clamps for clamping the work In position 1s very good ror th1i. C-cl amps *come In various 
sizes and should be selected according to the nature of the work. 





Fig 2-18* .Chipping hammer with attached brush. 




* F1g 2^-19. Using backup bars to weld aluminum. < 

e, Electrodes (fig 2-20). The bulk of your metal-arc welding work will be done manual 1? 
with the shielded metal-arc. The arc develops an Intense heat, melting the base metal and. 
forming a molten pool of metal In a localized 4 area. At th$ same time, the electrode tip melts 
and metal particles from the tip are carried across the arc Into the molten pool). The arc and 
molten pool are shielded from the oxidizing effect of atmosphere by the decomposition 1 of the 
electrode covering* Electrodes suitable for shielded pietal-arc welding df.alj kinds and 
thicknesses of metal ^1 loyv are .manufactured In a large variety of types and sfaffes. Some of 
tbese electrodes require an *c neldlng current; others are designed for use with dc. Still 
others may be used with either ac or dc welding equipment. Electrodes are classified by 
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the 'mpr lean 
type/or electi 
may tiejappliec 
polarity j-ecop 



ldlng Society (Mfi) and American Society /or Testing Materials] (ASTM) . Each 
^ 1s classified by a number which Indicates the welding positions to which it 
'a gteneral description mentioning, the type of covering/current , and 
ed. Figure 2-20 illustrates the manner 1n which electrodes are classified 
by('the American Welding Society. To understand these classifications, let us look at "how they 
'are arranged. Jake the classification number E6010. The E represents the word electrode. 
The ffr^t two numb'ers;Nn this .case 60, refer to JthCvUnslle strength of the deposited weld 
ftetal, 1?hL,000 poupds per square Inch (p$1) Jrv'tftisN^se, the electrode would have a pull 
strength of 60,000 psi. The third 
be applied. Number 1 Indicates; 

Number 2ydes1ghates a greaterxristr/lction of welding positions aiince It can be used only in 
the horizontal fillet and fl at positions/ 'Number 3 Indicates tTte electrode can be use<J only 
1* the fjat position. 'The fourth number 1n the classl ffcatlon'system Indicates subgroups, of 
are. seven. This dig 1t- shows some characteristics are as follows: '-^ 



third number represents the positions in which this electrode may 
tesfall/posltions (overhead, flat, vertical, and horizontal) 
Nristrflcti 



which 



thlre 

0 - 



3 
4 

5 



— 



Use-dc current with reverse polarity, except, .that in cases where the last two 
digits are 20 or 30, e.g., 6(^20 or 6030, f e1ther current or polarity may be used. 
Use ac or dc current with reverse polarity. Gives deep penetration ttfth a high 
qual 1ty weld . • J m 

Use dc current, straight polarity, or ac current orily. Gives mjdlurff penetration 

with medium-quality welds. . . " — £\J -> 

Ac or dc current, either p^larljy with si ight. penetration, rm>Gium-.qual 1ty welds. - 

Use ac or dc current, medium penetration and a fast rate of/metal deposit 

Dc current with reverse polarity. Moder ate' petetrati on anj produces -hlgh-qtolUy.u 

welds. s *J ^mt+Jr _ \ \^ 

Ac current, reverse polarity, high-qiial Uy welds wKflfScfat -the sane*^i«rilt1es as 

number 5. ^ 



Covering 



Electrode T~ 
cl asslf ication fjlfe 
tory welds 1n 
position^ sh own- 



Capable of pro- 
during satisfac- 



General description 



Light coating 


E451Q5/ 

r 


F^.^ , OH, H ' 




E4520b/ 


Ji-f1llets, F . 


Heavy covering 


E6010£/ 


F, V^OH, H . 




E6011£/ 


- F, V, OH, H i 




E6012£/ * 
E0613£/ ^ , 


F, V, OH/H '. 
F, V, OH, H . 




E6020b/ 


H-f1llets, F .' 




E6030£/ . . . 


F 


Heavy covering 


■ E701Qd/ '. . . 


' F, V, OH, H . 


r 


E701ie/ . . . 


* * * 
F, V, OH, H . 




E70ia^/ . . . 


^ F, V, OH, H . 




E7020d/ . .■ . 


H-flllets, F . 
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Sulayted-or light-coated elec- 
trode for us* 1n manual welding, 
but sometimes' used /for machine 
welding. * 
^Light-coated electrode for us& 

\(lth highspeed machine weld- 
ing. May be used for maftual 
we 1 d i ng . 

For* use only with dc reversed 
t polarity (electrode- positive) . 

For use. with ac or dc reversed 
polarity (electrode positive). 

For use with^dc straight-polarity 
(electrode negative) or ac. 

For use with ac ordc straight 
polarity (electrode negative) on 
light-gage metal*. : ^ 

For use wfth dc straight* pol arjity 
(electrode negative) or ac fir 
horizontal fillet welds and dc 
(either polarity) or ac for flat- 
position welding. 

For use with dc (either polarity) 
or ac. 

For iise only with dc reversed 

.polarity (electrode positive). " 

For use with ac or dc reversed 
polarity (electrode positive). 

For use with dc straight polarity 
(electrode negative) /or ac. 

For; use with dc straight polarity 
(electrode negative/ or ac for 
horizontal fillet welds and dc 
(either polarity) or ac for flat- 
position welding. * 



t 
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Covering 





El«ctr«de 
^rTa*s1 fixation No 



Capable of pro- 
durlng satisfac- 
tory welds 1n 
positions shown - 



, General description 



Heavy boating 





Heavy covering 




E8030®/ 
E9010JV 
E901 ll/ 
E901 21/ 
E9020f/ 



ElOfltpi/ 
E1001 11/ 
El 001 23/ 
El 00201/ 



El 00305./ 



F ¥ • • • £ • 

F, V, OH, H 
F. V,"0H, H 
F, V, 0H r H 
H-f11lets, F 

f. . . 

F, V, OH, H 
F, V, OH, H 
F, V, OH, H 
H-f1l1ets, F 



For use with dc (either polarity) , 
1 or ac. / 
For use only with dc reversed 



polaMty (electrode positive). N ( 
For use with ac or dc reversed 
polarity (electrode positive). 
For u$e wlih dc straight polarity 
(electrode negative) or ac. 
For/iise with dc straight polarity 
(e^ft£trode negative) or ac^for 
horizontal fillet welds arW dc % 
(either polarity) \or ac for flat- 



position welding 
dc { 

or ac. 



For use with dc (either polarity) 



For use only with dc reversed 
polarity (electrode positive). 
For use with ac or dc reversed - ' 
polarity (electrode positive). 
For use with dc straight polarity 
(electrode negative), or ac/ 
. ^For use with dc straight polarity * 
(electrode negatlvej^or ac for 
^ • horizontal fillet welds and dc 

(either polarity) or ac for flat- 
position weldlna. 7 

F Fbr us* with dc (either polarity) 

or ac. 

F, V, OH, H . . For use only with dc reversed 

polarity (electrode positive). 

F,*V, OH, H . .For, use with ac or ^dcife versed 
: * polarity (electrod^posltlve). 

F, V, OH, H . . For use w1th.dc straight polarity** 

t (electrode negative) or ac. * 

H-fillets, F . For use with dc straight polarity 

(eleJfrode negative) or ac .for • 
horizontal fillet wiiffds and dc 
(either po1ar1ty)/or ac for flat- 
position welding. 

F * - for use/with dc ieltiier polarity)- 

or ac5 . v 4 



a/ The abbreviations, F, H, V, OH, and H-f1llets indicate welding positions as follows! F - 

" flat, H - horizontal, V - vertical, OH - overhead, H-f1llets - horizontal fillets., 

b/ E45« series. - Minimum tensile strength of deposited metal 45,000 ps1 in nons tress- relieved 

~~ condition. , : 

c/ E60 series. - Minimum tensile strength of deposited meU3 60,000 p& 1rr stress-rel 1eved 

jF condition; 62,000 ps1 1n nonstress-relleved condition, s. y 

d/ E70 series. - Minimum tensile strength of deposi ted "metal- 70,000 psi fn srtress -relieved 

~ conditton. ' * 



Minimum tensile strength of deposited metal 80,008^psi 1n stress- relieved 



e/ E80 series, 
condition. 

f/ E90 series. - Minimum tensile strength of dejjojKed metal 90,000 psi in stres$-teT1eyed 
~" conditlbn. 




eyed * 



5/ E100 series. - Minimum tensile strength of deposited metal 100,000 psl 
condition^ 



Fig 2-20. AWS electrode specifications (contlnu^)^ 
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In general, the materials In the coatlrig of a shlelded-arc electrode determine the polarity and 
also control penetration. E6010 givey greater penetration than does E6012 under Identical 4 
conditions, ThH. does not mean that (greater penetration 1s obtained with reverse polarity; 1t 
merely means that coatings of the typekudfed on £6010 class usually result In electrodes that 
^ive greater penetration. Electrodes operating on either polarity usually melt at a higher 
rate when the electrode .^negative (straight polarity). Therefore, a higher travel speed 1s 
ordinarily employed, resulting In less penetration. Ordinarily, knowing that a straight 
polarity electrode gives less penetration Is sufficient. 

(1) All-position electrodes . There are two subtypes under this group: reverse- 
^"^ po 1 ar 1 1 y a 1 1 -pos 1 1 1 on e I ec tr ode s , and straight-polarity all-position electrodes. 

The reverse-polarity shielded-arc electrodes have a coating of appreciable 
thickness which Is comprised essentially of celluloslc materials (wood, flour, 
etc.) The straight-polarity all-position electrodes also have an appreciable 
coating thickness, but the coating In this Instance Is made up of celluloslc and 
mineral materials, The lesser coating thickness, together with the arc action 
created by these materials, makes It possible to weld 1n the flat, horizontal, 
vertical, and overhead positions with electrodes of diameters up to and including 
3/16 Inch. 

(a) E601 0 al l-pos1tion, direct-current, reverse-polarity electrode . The E6010 a 1 1 - 
position, dc, reverse-polarity electrode is the best adapted of the shlelded- 
arc types for vertical and overhead welding. It 1s, therefore, the most * 
extensively used electrode for the welding of steei structures which cannot be 
posltiQned and which require considerable welding 1n the vertical and overhead 
positions. Ttie quality of the weld metal Is of a high order and the 
specifications for this classification are correspondingly rigid. Electrodes 
of this type are unable only w+th direct current on reverse polarity (electrode 
positive). The essential operating characteristics of the electrode as follows 

Strong and penetrating arc enabling penetration beyond the root of the butt 
or fl I let joint. 

Quickly solidifying weld metal enabling the deposition of welds without 
excessive convexity and undercutting. 

'Low quantity of slag with low-melting and low-density characteristics so as 
not to interfere or become entrapped when oscillating and whipping 
techniques are used. 

Adequate gaseous atmosphere to protect molten metal during welding. 



(d) E6011 all-position, alternating-currerfl electrode . The £ 6011 all-position; ac 
electrode Is Intended to have similar operating characteristics and to be used 
for simitar welding applications *as E6010, but with ac. 

(c) E6012 /al i-po$1 tion, direct-current, straight-polar Ity Iflectrode . The E6012^* 
type electrode is 'often re/erred, to as a *podr fit up electrode" because of lia 
ability to bridge wide gaps in joints. It is particular ly well adapted for ^ 
single-layer welding or horizontal f1 1 lets . This type is very extensively used 
in steel fabrication because It offers economy due to ease of use and high 
welding speeds. The usual operating characteristics of this type of electrode 
are I is ted below: f 

Suitable for use with dc with either straight (electrode.- negati vie) or 
reverse (electrode positive) polarity, and with ac. Straight polarity 1s 
preferred because of a more direct and stable arc, 

Adequate penetration 1n order to reach the root of fillet and other joints, 
but not as dftep a penetration as with E6010, In order to enable the filling 
of wide gaps without burning through. The small diameters, such as 3/32 
and 1/8 inch* are especially adapted for sheet-metal welding without 
tendency to burn through the sheets. 

The slag is more abupdant and covers more of the pool than those of E6010 
types, but it Is not as abundant or as fluid as those of E6020 ?nd E6030 
types. The slag solidifies very rapidly just below the freezing point of 
the)metal and is. generally dense and close fitting to the deposit. 
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The molten ^ta) may be considered slightly ntore fluid than that of the 
E6010 type, but not to the extent that this electrode cannot , be used jn 
* all-position welding. The molten petal and slag characteristics control 
the shape of the weld deposit and make the electrode especially suitable 
for horizontal fillet welding, produting flat or slightly convex beads 
without undercutting. Many of the'electrodes of this type are suitable for 
vertical welding 1n the^ownward direction, although for some purposes, the 
penetration and throat thickness are Insufficient. In < vert1caj;wel(JVigv In 
the upward direction, small welds are |ore convex with wider spaced ripp Us 
x than with the E6010 electrodes. V ^ 

(d) £6013 all-position, altecnating-current electrodes . The E6013 type olF * - 
electrode Is Intended to be similar to E601Z type, /but with Improved arc 
characteristics with ac. These Improvements are necessitated by the f<£C # t thjt 
man^ types of ac machines have a^el ativel y low open-circuit vbltage and* demand 
easily Ionized coating materials Irv the electrode for satisfactory operation, f 
The applications for this electrode are the same*as for E6012. 

(2) Flat-position electrodes . Electrode* of this type are covered by 'cl^ssif icatior/s 
E6020 and E*>030* These electrodes usually have a very heavy mineral coating * 
consisting principally of. metallic oxides, asbestos, clay, or silicates.. "These - 
electrodes depend upon the slag for the shielding action t They are used with high ! 
currents, and the molten metal Is very fUrifd. This combination of extreme fluidity 
of the molten metal, together with the large amount of slag, makes^ it practically 
Impossible to weld vertically a^d overhead with these electrodes. 

(a) E6020 horizontal fillets and flat positions, direct dr alternating current . . 
The E6020 electrode Is designed for the prpduction of flat or concave surface 
fillet welds '1n the flat or ftbr1zor>01 positions, with either dc or ac,, This 
electrode has numerous applications where very high quality weld -metal ts 
required and where work Is positioned, such as In the fabrication of .pressure . 
vessels, machine bases, gun mounts, and similar structures. The essential* 
operating characteristics are as follows: 

Usable with elther^ac or dc. It is mainly used with ac but when used with 
dc, straight polarity is preferred, especially for the welding of 
horizontal f 1 llets. ■ - ■ ' 

The main requirement of the electrode is to produce horizontal^! 1 lets of * 
flat or'concave surface without undercutting., This necessitates that the - 
molten metal and slag be comparatively fluid, that the metal be 
quick-freezing, and that the slag continuousl y cover the back portion of 
the pool and actually wet the molten inet a 1. 

Slags of this type are not-*qu1ck-freezing, but remain as a plastic glass 
for some time after the molten metal has solidified. The slag and metaJ 
\ 4 are both too fluid to permit general welding in vertical or overhead 
positions,. 

While specif leal ly designed to meet -horizontal fl 1 let welding requlrtyrtfnts, 
the electrode is also adapted to the welding of butt or other f lat-pos1t1on 
joints. 

The physical properties of welds are of a very high order, especially in 
elongation. Radiographs show that properly made welds are practical y- 
perfect. 

(b) E6030 flat-position, direct or ^alternating current . The E6030 type overlaps 
with E60Z0, but particular attention is given to its use in butt welds. It 
differs from E6020 in that It produces a smaller amount of slag and a less * 
fluid slag and a less fluid slag, thus decreasing the possibility of slag 
Interference and deep grooves. It. is not as suitable for horizontal fillet 
welding due to Insufficient slag coverage of the molten pool. Electrodes of 
this -type are used In flat-position welding. of pressure vessels and^numerous 
other object. It Is necessary that the weld deposit meet the^Wghesft 
standards of X-ray and physical property requirements. Essential operating-' 
characteristics a*e listed below: 

ThfvS electrode Is adaptable for Ose In narrow- or wide-groove butt joints, 
providing adequate slag coverage for weld shape and protection, tmt not 
slag Interference with' the arc. 
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Slag must wet metal surface and produce a concave weld within^ the confines 
of the groove. K 

The slags are porous and, therefore, are very easy to remove. They have a 
hardening range extending considerably below the freezing point of the 
steel deposit. \ /' \ 

Electrode classification by bead shape ; ' Mechanics will arc-weld various types of 
steel more often than the nonferrous metals. Therefore, the following method of * 
classifying electrodes for steel welding should prove very useful. The 
classification Is based on the shftpe of the bead which 1s obtained wh%n arc-weld1r\g 
with a particular electrode. 

(aJ JTlatbead type (class f 6Q1 0 ) . The E6010 
±*m riathead type may be classified as a gen- 

eral -purpose electrode because It Is used 4 
for a wide variety of work, and 1^nw*ses- 
ses high average physical characteristics. 
%N% It has/a heavy coating and ts- be$£.. salted ■ 
for direct current with electrode positive. 
•In smaller sizes (3/32'in, and. smaller) the 
<^ E6QJ0 Is suitable for use In ai\ positions. 
«■ *The 3/16-^n. ?jze Is specially made for all 
positions^ It;1s suitable for fillets, deep 
grooves, and all types of joints In all 
sizes. ; IA has deep 'penetration qualities ^ 
and Is used yery satisfactorily on square ; 



butt joints 'where the ele'ctrode^ actually 
scarf , or m61t tf^dates. It* produced a x 
rather- flat beaWl wfcr 
figure 2-21, V 



btier^l type as shown 1 In 




F1g 2-21- Flat b£ad produced by 
class E6010 electrode. 



(b) Convex-bead type (class E6012) . The 
, class E6012 convex-bead, type of elec- 
trode has a heavy covering phd gives 
best results with direct current with 
the .electrode negative, or It may be 
used jsattsfactori ly with alternating 
current. Sizes 3/32 In* and. smaller . 
are suitable for all positions, al- 
though 3/16 In. often 1$ used In all 
positions,, and In larger slzfes for 
welding In^flat pdsltlons. It may be 1 
used for fillet welding, sfngle, or 
multiple pass, and It can be used for 
J>Mtt welds of the V- or U-grooye 
type. 4 because of Itsr disposition 
characteristics and ability to build 
up»*1t Is frequently used where fltup 
IS poor or where a small admixture of 
base metal Is desired. It produces an 
exceptionally smooth bead* which Is 
someWhat convex as Indicate* In figure 
2-22. 




Fig 2-22. Smaoth, convex bead produced 
. * by class E6012 electrode. 
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(c) Concave-bead type (class £6030) , The 
^ontive-beafl type of electrode h^ a 
~heavy covering and can be used with 
direct current and with the electrode 
eithfer positive or negative, or 1t can 
be used with alternating current. It 
1s used in the flat position only, and 
It ISgjiot suitable for vertical or 
over-nead work. This type* Is used for 
- fillets or butt joints of the V- or U- 
groove type. It flows vary readl 1y*, 
producing a heavy slag cover on the 
weld. It Is sometimes known as the 
"hot^rod" type* It produces a very 
smooth bead, slightly concave, as shown 
'In figure 2-2,3 when welded In grooves 
or position f-Ulets, but not so concave 
when fillets aire horizontal. - - 




Fig 2-23: Smooth, concave bead 

produced by classes E6020 
and E603O. 



Answer the following questions and, check your responses with those listed at the 
end of this study unit. 

Select the two factors used to determine the size of we I fling cables to be used 
wh4 Je-weldlng. 

a. Type of metal and the voltage used 

b. ^ Amper^qe rating of the welder ^nd distance from the work 

c. Distance from the work and. voltage output 

cfcr Type of metal welded and type of electrode used 



Define "Personal Protective Devices 1 *. 



The dlear cover aUss* in a weJdjng helmet is used %b 



s 



a. project the elf es from sparks. * . 

b. filter light rays/ ,. 

c. protect th^ colored lens. 

d. improve ^vision during welding. ,» 

If you must weld and Appropriate protective clothing i s .not ayai lable, the next 
safest clothing to wear is m m 

a. cotton. c. rayon. t . ■ ^ 
br- silk. - d. wool. ■ 1 *■* 

An area, which Is utlljzed -for arc welding, Should be^palnted 

a- Marine Cprps grepn. „ c. flat black. 

b. flat olive drab, j d. cafoouf lage. _ *• 

When you are welding with an amperige rate of ISO, you should use a number ____ 
shaded lens. \, " 



/ 



a. 5 ■■ " * . . c. 8 

J>. 6 , V d: 10 

The polaMty to be used with a specific type of electrode is determined by the 

a. type of welding machine being used. 

b. size of the electrode. 

c. manufacture of the electrode. 

d. electrode coating. ^\ 
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fl. An E6012 electrode produces a shaped bead. 

a. • flat c. convex 

b. concave d. royrtd 

9. Tfle electrode/ which 1s preferred for filling wide gaps 1n a joint, 1s 



a. E6(T!0. \ c. E6012. 

b. E60l>*wJ d, E6013. 



10. The purpose of thoroughly cleaning the area to be welded 1s 

- a. so the welder can see' the joint. 

b. to prevent gas pockets from forming. 

c. to justify the amount of time 1t takes to complete a job. 

d. to assist 1n painting after the welding 1s completed. 

11. State (or T>reak- flown) the 5 digit number which appears on an electrode. 



a. 
b. 
c. 
d. 



12. List the nine 1tems*of tools and equipment that are used 1n arc-weld1ng. 



a. — ^ e. 

b. \ f. 

d. x * h. 



Work Unit 2-4. ARC-WEL"DING MACHINES 

IDENTIFY THE TWO TYPES OF ARC WELDING MACHINES. — v % 

I MAtCH THE PURPOSE OF THE GAUGB$ AND CONJROtS'ljN THE LM-62 WELDER WITH THEIR NAMES. 

- In this major category of welding shipment, there are two bread types of machines, 
those that use direct current (dc), and ...those that use alternating current (ac)'. Direct 
current, as you recall (from para 2-lK refers to a steady flow or stream of electrons 1n one 
direction. Alternating current, jorf" the other hand, refers to a 2 -way flow of electrons, first 
In one direction and then 1n jtW" other. Arc-weld1ng equipment differs not only as' to ac or 
dc, but 1n a number of other'Ways. For example, a given piece of equipment may be stationary 
or portable, single or multiple-operator, motor-generator, gasoline or.dlesel engine-driven, a 
resistor unit, or. a transformer-type unit. In addition, the several types also vary 1n their 
heat output, that- 1s, the number of amperes they deliver at applicable arc voltages. 
Regardless of the type of unit, the current source must be sufficient to strdKe and hold a 
stable arc suitable for welding. The cutren* is obtained principally from ope of «the sources^ 
discussed below. . 

a. direct-current welders : The first source of current 1s obtained from an existing dc 
power source used In conjunction with resistors to reduceHhe voltage anil current to the 
amount required for welding (fig 2||4f7 This source -Is used with a Hne-res1stor unit as a 
part of the welding system. <Th1s source must not exceed 120 volts. A greater voltage 
constitutes a hazard to the operator. A second power source 1s a dc generator wfth variable 
voltagfe characteristics^ that 1s, the generator 1s so designed that -rclfe^jyers * voltage high 
enough to establish the arc and' therr reduces this voltage as required to maintain the arc 
during welding. A third source for welding .current 1s a rectifier which converts^an ac 
powered source to a fjp welding current. This source does not depend on rotating parts to 
provide a suitable current for { welding. Dlrect-.current welders hav? the advantage of being 
suitable for use on all metals. They produce vfery satisfactory results on the material, which 
requires low-current settings/ The machine that most commonly used 1s the motor-generator 
type operated by a constant-speed governed dlesel engine mounted on a trailer-type chassis. 
Some macWnes have a switch for changing polarity. Others require that you reverse the 
welding cables to change polarity. A pushbutton switch located on thfe control panel permits 
easy stopping and starting. A voltmeter and ammeter or a combination of both permits the 
operator to set the machine at a prescribed output. Current ratings represent the amount of 
current that the machine will generate continuously for 1 hour without exceeding a specified 
temperature rise. . * " 



Fig 2-24. 



Connection- of line-resistor welders to a 115-volt, V, 
2 wire distribution board—reverse po.larUy. 



enciosea in a shefet-metal housing mounted directlv nn * mnrHf^ yJ.* v n 
engine* m^c-wld In "control s'Snd^J lectors In^ronHrfH'm^ufi^F " 

. eras a ssc s'-rt K 

' ,n ^«»« »«» the'sljnette «it f5r liStS^S^ ' 




F,ig 2-25. -Arc-welding set, modfifVl-62. 




(a) 8 Theory of .operation. The engine 1s a GM of trolA dlespl mnrt*7 ?on 5 

^ater-coo ed enqlne. rt 1s dlrprtiv rnim^J ?« *2 5 model 2913. 2-cycle, 

pno n! d ,2 1'i 9e ' The vo1ta 9e, range provided wltV the operating rsnqe- of the 
*i m ffi, many s ? al1 electr ical tools or Accessories The exciter ts 
rated at .5 kw (kilowatts)'. The power for the main generator ' field Is * 
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controlled by the job selector (voltage control), rheostat. The voltage control rheostat and 
tZ 90 arlty sJtUfetertnlne the- polarity and % It age level of 'the fixed fie d of the main 
generator. The main generator has three fields. The first 1 s excited at ar fixed level from 
the exlter as described above. The second is a series fleldwh ch is excited by the welding 
current so that the more current drawn by .the arc. the high'ef will be the excltat on In order 
to sustain the current at the. desired level. The third field .is a shunt f ;eld which bucks or 
tends to cancel the effort of the series- or lerwd field. The currentjn the stftnt field is 
controlled by the setting of the turrenUcontrol reactor. Wltn the current control, set foe 
maximum 'current output, the* shunt fiel* would receive very little current to buck the series 
nllc ! anS current output would be maximuin, lft'he current control is set for ; . nimum output, 
the shunt field receives maximum current.- canceling the effect of the series field and 
reducing the current qutput to minimum. Tne generator- 1/ rated 300 amperes at 40 volts, wltrt a 
duty Cycle of 60 cp* (cycles per second), and the cm^rent range is from 60 to 375 amperes ( - 

(b) Controls and Ins truments. This sub^raaraDh describe 
illustrates the 



This subparagraph describes, locates, and 
various controls and "instruments of the welding s^. 



The engine control panel is located 1n the 

a,, - v... Panel. The controls and instruments 

reauired^for the orooer operation" of the engine are described below. 



1. Engine c ontrols (fjg 2-26). - , 

~- aft section of the instrument panel. The controls and instruments 



fcJkTU*Y-<HAf.C1*C WWUCfc 



J^f.Tth 




Fig 2-26* Engine controls. ,. 

Hour meter. Located at the top oenter of the engine instrument 
panel , flplndicates total hours of engine "operation . 

'Fuel gadte/ Located at the top right of the instrument panel. ,It 
indicates the quality of dlesel fuel remaining 1n the tank. 

Battle switch. Located at the center right of the instrument panel. 
Jhis switch disconnects all safety^ircuits to the er\^1n.e. 

Water tempe rature gage . Located at the bottom right of the instrument 
panel'.- ' It indicates the engine coolant -temperature. -- 

'•">'' , » 
0 11 -pressure gage . Located at the bottom left of the panel. I* 
''indicates engine lubricating % o1 1 pressure. - * . 

Starter b utton . Located at the center left of .the engine control % 
panel.- It energizes the. starting motor to crank the engine. 

Battery-charging ammeter . This indicator is 'located at the top left 
of the engine control pan el. It indicates the charging or discharging 
rate of the battery. ' 

Panel 1 ight' switch. Located," on. a separate panel directly below the 
engine contro l pane 4 : It turns on panel- lights-to illuminate controls 
and instruments. - , v 
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2. Welding generator controls and Instruments (fig 2-27). The welding 

generator controls and Instruments are located on the forward section of 
the control panel. The contrqls for the proper operation of the welding 
generator are described below 




Fig 2-27, Welding generator controls and Instruments. 



a. Current control . The current control 1s located at the top of the 
generator panel. Its purpose 1s to vary the current output of the 
welding generator, " 

s 

b. Voltage control (job sector) . Located at the top center Qf the 
generator control panel, the voltage control varies the exciter 
voltage of the welding generator. 

Polarity switch . Located 1n the center of the generator control 
■ panel, this switch controls the polarity of the electrode* Electrode 

^ polarity may be switched from positive to negative as required. 

d. Utility outlets . Located at the bottqgi left of the generator control 
panel, the utility outlets supply voltage for small toois and 
accessories, , , 1 

e. Slgmette outlets . Located at the bottom left of the generator control 
pan^l. The* slgmette outlets permit the welding of aluminum or 

small -cjage metal, 

£. Welding selector switch . Located 1n the center of the generator 
control panel, this switch permits the selection of the output 
terminals of the welding generator or slgmette outlet. 

■%«. 

5- Welding generator terminals . The weldlno terminals are located on the 
bottom of the generator panel. The electrode holder and work cables 
are attached here to obt*^ welding current. 

(c) Operation , Prior to operat 1on..of th^ model LM-62 welding^set, or any 

equipment for that matter, a complete Inspection of. the unit must be madevto 
Insure safe and oontljiuous operation. Most of thiols by the "eyeball" 
methods The following services myst be performed prior to operation. 

2- Remove the radiator cap and fill the radiator and cooling system with 

fresh clean; water. If freezing weather is anticipated, the system must be 
protected. Add sufficient antifreeze to lower the freezing point of the 
coolant to the lowest expected temperature. Remove the oil filler dp and 
* fill crankcase to the full mark on the dipstick with the appropriate 

£ quality and grade of lubricating oil. Remove and disassemble the air 
cleaner. Make sure it 1s clean and fill the oil cup to the^ level " 
indicated, using the samejjrade of oil as used in the crankcase. Remove 
the fuel tank &ap and f1l/r the tank with dlesel oil conforming to Federal 
Specification VV-F-800^ Replace fuel cap securely. Fill the batteries 
wlth-the electrolyte provided. The correct leve] of the electrolyte 1s 



3/8 to 1/2 Inch above the plates. Do not overfill, if the batteries 
contain electrolyte, check the level and add d1 stalled water* to the 
required level. After these Initial steps have been completed, a complete 
Inspection of the entire welding set should be made to Insure that' all 
Components are securely mounted and all connections are tight. Check the 
following prior to.operatlng and when securing equipment engine electrical 
system; engine controls and Indicators; gerferator and exciter controls;- 
terminals, leads, commutators^ and brushes;* engine head, block, and 
accessories; trailer, paying particular attention to t1r£s and wheels; 
on-eqalpment tool$ and equipment; and acces'sory equipment. * Report any 
damage or missing equipment to the proper authority. Now the welding 
machine is read^ to be operated, but there is still a consideration prior 
to the actual operation, for example, the operating site. The following 
recoirmendations and precautions should be considered in selecting a site. 

Indoor installation . When indoor welding operations are required, make - 
sure ^hat adequate ventilation 1s provided, A flexible metal hose should 
be used to conduct the exhaust g^ses to the outside. Locate the welder so 
that the exhaust Hne is as short as possible. Avoid locations having 
water-soaked floors. 

. Outdoor Install ation v . When the welder 1s to be operated outdoors, see 
that the location Is on firm ground and that some protection is provided 
from Inclement weather. When the welder must be left outdoors overnight, 
cover it entirely with a tarpaulin securely lashed 1n place. Position the 
welder as close to. the work, as possible so that short cables can be used. 
The welder can be/operated 1n Inclement weather without any special 
protection, but tbke advantage of 4 any natgral protection that exists. If 
an appreciable vjirid 1s blowing, face the engine radiator to the wind, and 
chock Ufe wheels. ^ 

Oper at irty under normal conditions . Now that the machine 1s set up to 
weld, sta'n the engine and warm up the welder. Follow the- next eight fc 
steps to. start the welding machine, 

lst r Place manual lever on the governor In the IDLE detent. 

2d. Turn the battle/switch to ON. This electrically activates the engine 
meters. * % 

3d. Depress the starter bottdn and crank engine until It starts. Do not 
use the starter motoc for more than 30 seconds at a time without 
allowing 2 minutes* for* the motor to cool between starts. 

4th . Open the radiator shatter doors. 

5$. After the engine has run for approximately 10 to 20 seconds, check 

tbe oil-pressure gage.. If it shows no oil pressure at the end of 30 
seconds, stop the engine by placing the manual ^lever on the governor 
in the STOP position. Locate the source of Jroublfc before restarting 

the engine. s v 

■ * $ « 

6th. jfiecfcftni instrument gages to determine if they are functioning 
rrectly. If there is any Indication from any ^age that a # 
omponent^ system is not operating correctly, shut down the machine 
_ and find out why. Check for .any oil, water, or fuel leaks. 

7th . Observe engine operation for smoothness, quietness, and exhaust 
, ^condition.. * . „^ 

8th. Before starting to weld, advance the manual lever on the governor to 
RUN. . . 

v. t , „ 

Selection of the proper voltage and current depends on the size of the 
electrode, the thickness and position of the stock being welded, and the 
skill % and experience of the welder. Selectloji of the proper electode and"* 
rteldlng process depends on the type of metal being welded- /Figures 2-28 
and 2-29 give "welding information for Various base metals and alloys^. 
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TVectrodo 
diameter 

(jn .) 
1715" 



3/32 
.178 
5/32 
3/15 
1/4 
5/16 
3/8 



minimum 



70 
110 
150 
180 

250 . - 
300 
450 



^Amperes 



/ 



max Imum 



4 80 

-90 
135 
180 
220 
300 
425 
550 



'V.Lenqtli 
■ Jin.) 



TT^77. — 
li or 18^ 
«14 or 18 
14 or 14 
14 or 18 
14 or 18 
14 or '18 
14 or 18 



7 * 

Fig 2-28. Current- setting range for bare and Tightly coated electrodes 



tiectroda 
used 




3/32 

1/8 

5/32 

3/W 

174' 

5/16 

3/8 



Mineral coated 



Flat position 
(amperes) 

i 



60 
120 
150- 
175 
230 
325 
425 



Vertical and 
overhead 
positions 
(amperes) 



60 
110 
140 
160 



"Cellulose coated 



Flat position 
( amperes) 



130 . 

160 

200 

300 

400 

500 



* Vertical 
overhead 
positions 
(amperes) 



110 
140 

160 



Fig 2-29 1 . Current setting usea" with mineral and cellulose coated electrodes. 



The best way for an operator to become famil iar with the operation of the 
interacting controls 1s to weld sample be«ds on various scraps of metals 

Y with- different combinations of control settings and different -electrodes . 
Start the engine and let 1t warm up. Turn the pot arity- reversing switch 
• to OFF, With the handle in this- position , the exciter Is disconnected' 

from the welding generator and. there 1s no output from the welding 
Vgenerator. Connect welding cables to output terminals and the-'ground 
clamp to a piece of scrap metal of a type .listed 1n figure 2-30. Obtain 
the- type of material of electrode, shown 1n figure 2-30. Obtain the type 
and material of electrode shown 1n figure 2-30 opposite the type dT metal 
selected, and- place it In the electrode-holder „.^Jurn the voltage control 
to.tfcie center of the^sector marked Normal Welding Range. The voltage 
control is divided into four colored sections. The yellow section marked 
Large El ectrodes^gj^f*. a high open-circuit voltage and 1s used ch.1efly for 
large electrodes. The btjiek section marked Normal Welding Range gives a 
medium-high QP^b^di*.*W tage and is* generally used on positioned work 
for some «f thejggjer^sl ze. electrodes or where poor fitting exists on 
, oyerhead or vertJWe weldings "The red section marked Overhead and 
Vertical prov 1des^%d'iim-*<S.,w open- circuit voltage to give sufficient 
punch to the arc tO-5f^e*'the 4 VBetal across the arc gap and give greater 
penetratiotTr^This ^tiring m|y also be used for some of the smaller size 
electrodes.>Thd section marked Special Appl 1cat1on* provides a still 
lower open-c1rcu>t voltage and 1s used for special jobs requiring the 
smallest size electrodes a°nd very low current values. At the present 
time, the Marine Corps is modifying all model LM-62's with a 75-ohm 
resistor for low ampsj^ge control for welding thin-skin metals," suck as ^ 
aluminum alloys. Set the current control to the setting obtained fr^m J 

figure 2-28 or 2-29 and based on the type and size Of electrode^FKe^ 

current control is calibrated directly in amperes. The plate on this % 
control has three arrows— yel low, black, and red— which correspond tp the 
.three colored sections of the voltage control. When the voltage control 
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1s set In the yellow section of the dial, the approximate welding Wrent 
will be Indicated by the yellow arrow of the current control. The/same 1s 
true of the black and red arrows of the current' control when the voltage 
control 1s s^et on those sections of the vol ta^e^ control dial. * ♦ 

When, the engine cool ant temperature has reached the operating range, turn 
4he pplarlty switch to the position recommended In figure 2-30 for the . 
type of metal being welded. Use electrodes negative position for straight 
polarity,. and electrpde. positive position for, reverse polarity. Weld a 
sample bead. bre«K the arc, then turn the voltage control to the center of 
Overhead and Vertical position. Notice the difference 1n the bead. Use 
different current settings; different metals, and different electrodes. 
In that way you can Improve your skill and also gain welding experience. 



Base metal or alloy Welding 

process 

ALUM I HUM AND ALUMINUM ALLOYS 
1. Pure aluminum (25) MAW 1 



— Pol arTty 5/ Welding electrode Type 
*/ material . deg F 



Preheating 



2. Aluminum alloys 
(general) 



3. Aluminum manger- 
nes»- alloy (3s) 



A. Aluminum-magne- 
sium-chromium 
•alloy (52s) 



Alumlnum-mt^ne 

slum-manganese 
alloy (4s) 



6. Alumlnum-sll Icon- 
magnesium alloys 
(51S) (53S). 



7. AT um In urn- copper 
mangnese alloys 
Duralumlnum (17S) 
(24S) 



CAW 



MAW 



CAW 



MAW 



CAW 



MAW 




MAW 



CAW 



Reverse 

Straight 

Reverse 
Straight 

Rever se 

* 

Straight 
Reverse 

Straight 
Reverse 

Straight 
Reverse - 

Straight 



• Pure^af umlnum or 
95% aluminum 
* 5% silicon 

Pure aluminum or 
95% r aluminum 
5% sll Icon 

95% aluminum 
5% silicon 

95% oWWittTt ^ft^ 

R< dHrnn 



95% aluminum 
5% sll Icon 

95% aluminum 
5% si 1 Icon • 



95% aluminum 
5% silicon 



95% aluminum 
5% silicon, 

95% aluminum 
~9% silicon 



95% aluminum 
5% silicon 

95% aluminum 
5% silicon 



95% aluminum 
5% silicon 



Shielded- 500 to 8(fo 
arc 



Fl ax- 500 to 800 

coated 



Shielded- 500 to ,800 
arc 

Flux- 
coated 

Shielded- 500 to 800 
arc 

Flux- ^ 500 to 80Q 
coated 

Shielded- 500 to 800 
arc 



Flux- 
coated 



500 to 800 



Shielded- ' 500 to 800 
arc 



Flux- 
coated 



500 to r 800 



Shielded- Up to 400 
arc 



Flux- 
coated 



Up to 400 



Arc welding not recommended, 



8. *At unlnum cl ad 



Arc welding not recommended, 



Fig 2-30. Welding process and electrode selection for various base metals and alloys. 



Base metal or alloy n Welding JVlaHtyjl/ t We l ding e l ectrode lype 

proces$ */ material . .• \ dag F 



Treheatlng 



lOf Welding process; 

CAB - carbon- arc brazing 

CAW - carbon-arc welding 

MAB - metal-arc brailngf- 

MAW - metal,- arc welding ^ 

*f Straight polarity - electrode negatf^e; reverse polarity - electrode positive. 



CARBON STEELS 

1- Low-carbon (up to 
0.30X C) 



Straight 



M1ld steel 



Bare or 
light- 
coated 



Up tp 300 
V 



/ 


MAW 


Reverse 


, M1ld steel , 


Shlelded- 

" art 


Up to 300 


■» 


CAW 


Straight 


: Mf Id steel- 


Use a 
flux, 


•Up to 300 




MAB 


Reverse 


Bronze 


Sfrfelded- 

i'--arc * 


Up to 300 


Medium- carbon 
(0.30% to 0.50% C) 

i 


MAW 


Reverie* 


V25?e0. or modified ^tatelded- 
TB-8 stainless *^rc 
steel ' v " 


3|)0 to 500 




MAW \. 


^Reverse , 


■ WJrf stee) or .. 


Shielded - 


300 to 500 



3. High-carbon 



-MAW 



arc 



'. ^rA^- :'&y-ik~ti or modified Shielded"- 
^ J • -\ 1^8 stainless arcV 



tee* 



t /.'-MAW 

4. Tool steel (0.80% MAW 
to 1.5% C) 

MAW 



- > 



Reverse 0 

Reverse 
♦ 

Reverse- 



Mild steel or 
high-strength 

25-20 or modlfl 
18-8 stainless 
steel 



i 



M1ld steel ^br 
^ high-strength 



Shielded- 

arc, , „ 

.ShUelded- 
arc 



Shielded- 
arc 



500 to 800 
Stress-re- * 
1 1feve by 
heating - 
1.200 to 
1,450 for 1 
hour per 
inch of 
thickness 
and cool 
slowly. 

500 to 800 
Up to 800 



Up to 1,000 



Fig 2-30; Welding process and electrode selection for various 
base metals and alloys— conttnued I. 
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Base metal or alloy «WYId1ng ; Polarity 

process • 



CAST IRONS 

1. Gray cast Iron, 
machinable welds 



2. Gray cast/ 1ron % 

,„ nonmachl/able 
* welds. 



3. Malleable Iron, 
machinable 



4. Malleable Iron, 
nofimachlnable 
welds 

>» 



5. Alloy oast iron 



ELS 




Plain carbon"' (up 
' to 25* C)- 



•2. High manganese 
(12% Mln) 



3. Other alloys 



MAW 

MAW 

MAB 
CAB 
MAW 

MAW 

MAB 
CAB 



MAW 

MAB 

~ v 

MAW 



MAW 



Welding electrode Type Preheating 
material * de 9 F 



Reverse 



Straight 

Reverse 
Straight 
Reverse * 

Straight 

Reverse 
Straight 



Monel, 18-8 stain- Shielded- 
less steel or m^ld arc 
steel m 

Cast Iron , Shielded- 

arc 



Bronze 



Bronze 



Monel 18-8 stain- ■ SMelded- 
less steel or mild . arc 
steel 



SMeJded- 
*arc 

9h1alde(i-< 
arc 



Reefer se 

Reverse 

Reverse 

\ 

\ 

\ 

Reverse 



Cast Iron 



Bronze ° 



Bronze 



SMelded- 
arc 

gelded- 

A i 

Shlelded- 
acc 



700 to 800 



7p0 to 800 



Up to 500 



Up to 500 

700 to 800 
Anneal -weld 



VOO to-800^> 
Up io 




1 



Up to 500 



Same as gray 
cast iron 



M1ld steiT 
Bronze 

Weld *1th 25-20 
stainless steel 
and surface with 
nickel manganese 

Mild ste<*1 s 



Shlelded- 

arc/ 

Shlelcted- 
arc 

V 

Shielded- 
arc 



200 r 



200 



no 



\ 



Shielded- 
arc 



COPPER AND COPPER ^PYS » 
1. Deoxidized copper HAW 



\ 2. Commercial 

bronze and 1ow r 
brass * . 



CAW 



MAW 



Reverse 



Straight 



Reverse 



Deoxidized copper ; SMelded- 

phosphor bronze, arc 
or silicon copper * 

If 

Deoxidized copper % Shlelded- 

phosphor bronze » arc - 
or slUcpn copper 

Phosphor bronze Shielded- 

or silicon copper arc 



5Qb to 8Q0 



500 to?800 



200 to ,300/ ' 



Fig 2-30. Welding process and ejectwde 'selection for various 
base metals and alloys— continued v 
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Base metal or alloy Welding Poplar* ll^ 

process 



Welding el ec trode Type 
material 



Preheating 
deg F 



CAST STEELS— contd 




4. Muntz *etaf^*ob1n CAW 
bronze, naval 
manganese bronze 



5. Nickel 



- f 



6. Phosphor bronze 



7. Aluminum bronze 



■MAW 

MAW 

1 CAW 

MAW 
f 

CAW 
«* 

8. Beryllium copper CAW 

IRON . ' . 

t: Wrought Iron MAW 

, * CAW 

MAB 

2. Low-carbon Iron MAW 

LOW-ALLOY HIGH-TENSILE STEELS 
1. General MAW 



2. Nickel alloy steel MAW 
(3-3. 5% N1) (Up to 
0.25% C) (More 
than 0.25* C) 

r MAW 



Straight 
Straight 



Reverse 

Reverse 
Straight 

Reverse 

Straight 

Straight 



Reverse 

Straight 

Reverse^ 

Reverse 
♦ 

Reverse 



Phosphor bronze : Use a 
or silicon copper flux 



Phosphor bronze 



Straight "Phosphor bronze 



Use 
flux 

Use a 
flux 



200 to 300 
200 to 300 
300 to 300 



High nickel alloy, Shielded- 300 to 500 
phosphor bronze, arc 
or s1l Icon copper 

Phtfsphor bronze 



Phosphor bronze 



Aluminum bronze 
of phosphor 



Shielded- 200 to 300 
arc 

Use a 200 to 300 
flux 

Shielded- 200 to 300 

arc . * 



Alumlnun bronze Use a 
or phosphor bronze flux 



200 to 300 



(optional ) 



Beryllium copper y Use a 

flux 



TOo to 800 



(optional ) 



Mild steel 
Mild steel 
Br^nz"?^ 
Mild steel 



Shielded- No 
arc^ 

'Usfe a • No 
flux 

Shielded"- No 
arc 



A 



Shielded 
arc 



Same as base . ^^SWelded- Yes 
metal or high- ar£ f 
, " strength or mild / 
steel, or 25-20 
stainless steel 



Reverse 



Reverse 



Nickel al loy or 
25-20 stainless 
steel 



Shielded- No 

arc * Slow cool 



Nickel alloy or Shielded- ,300 to 600 

25-20 stainless arc 

steel 



Fig 2-30. . Welding process and electrode selection for various' 
base metals and alloys—continued- 
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Base metal or alloy 



Welding 
process 



Polarity 



Ueldlng electrode Type Preheating 
material deg F ^ 



IRON—contd 

3. Mlckel copper MAW 
steels 



4* Manganese molyb- MAW 
denun alloy steels 



5- Carbon molybdenum , MAW 
alloy steels 
(0-10% C to 0.20% 
C) 

(0.20% to 0.30% C) f1AW 

6. Nickel chromium MAW 
alloy* steels (1%- 
3. 5% ND (Up to 
0.20% O- 



(0.20% to 0.55% 
C) 



(High alToy , 
content) 



7. Chrome-molyb- 

denun alloy steels 



8. "Chromium alloy 



MAW 



MAW 



MAW 



CAW 



MAW 



c 



9. Chromium vana- MAW 
dlum alloy steels 

10. Manganese alloy MAW 
steels (1.6% 

1.9% Mn) 

NICKEL AND NICKEL ALLOYS' 



1. Nickel 



R^erse 



Reverse 



Straight 
or 

Reverse 



Straight 
or Reverse 

Reverse ■ 



Reverse 

- Reverse 

Straight ^r 
Reverse \ 

Straight 

Reverse 

Reverie 

"vi/ 

• ^iW verse 



2. Monel (67% N1- 
29% Cu) 



MAW 

CAW r 

it 

MAW 
CAW 



•^Reverse 
' Straight^ 



Rev^e 
Straight 



N1c)cel alloy or 
25-20 stalrfless 
steel 



Shielded- 250 to 300 
arc 



Carbon molybdenum Shielded- 250 to 300 

or special elec- arc 

trode <, r 

Carbon molybdenum SMelded^ 300 to 400 

arc \-^r- 



Carbon molybdenum Shielded- 400 to 500 

Same as base steel Shielded- 200 to 300 

or 25-20 stainless arc 

steel 

Same, as base metal Shielded- 600 to 800 

or 25-20 stainless arc 
sUel \ 

Same as base metal Shielded- 900 to 1.000 

or 25-20 stainless arc Slow cool 

steel 

Chrome-molybdenum Shielded- 300 to 800 

or carbon - arc * Slow cool 

molybdenum 

Same as,tfase metal Use a 300 to 800 

{ flux Slow cool 

Same as base metal Shielded- 300 to 800^ 

or 25-20 stainless arc ^ 
steel or 18-8 " 

Chrome molybdenum Shielded- ' 200 to N 800 

or carbon arc 

molybdenum 

Carbon molybdenjim Shielded- 300 to 800 



or §i1ld s^eel 

Nickel 
Nickel 

Monel 
Monel 



arc 



Shielded- 200 to '300 
arc 

Lightly 200 to 300 

flux/ 

coated > 

Shielded- 200 to 300 
arc 



Lightly 
flux- 
coated 



vP^io 



to 200 



F1g 2-30. Welding process and electrode selection for various 
base metals and alloys— continued. 



tiase metal or alloy Welding 

process 



♦ NICKEL AND NICKEL ALLOYS—eontd 

3.^ Incone (79% N1- MAW 
13< CR-6< Fe) 



STAINLESS STEELS 



1. Chromium alio 
(12* - 28% 



loys 
Cr) 



2. Chromium-nickel 
^alloys 



MAW 



MAW 



Polarity 



Reverse 



Reverse 



Reverse 



Welding electrode. Type > Preheating 
mater t*t*- d e g p 



Same as base 
metal 



Shielded- 200 to 300 

*arc 



25-20 or col urn- Shielded- No 
bium-bearing 18-8 arc 
stalnl ess 



25-20 or colum- 
blum-bear 1ng 
stainless 



Shielded- No 
arc 



F1g 2-30. Welding process and electrode selection for various 
base metals and alloys— continued. • ' 



(d) Accessories The welding set. m&del LM-62, also contains provisions for gas- 
welding and hard surfacing of metals, as well as aluminum welding by the 
Inert-gas method. Each of these methods «fh be discussed later in the chapter/ 

1. Gas welding . Storage space for the gas-welding regulars, hoses/and ' 
other equipment 1s provided 1n the accessory box compartment. Gas 
cylinders .are mounted on the trailer forward of the welding generator 
enclosure. A tube Is -situated next to the cylinder on the left side -of the 
trailer for storacje of long welding rods. 

2. Siyiette unit. The 1nert-gas alunlnum welding unit is stored in the; 
accessory compartment and secured in place o,n the shelf by a strap A 
the e s1g a met e te S uMt 0 ! ided ™ generator pane1 for connecting and operating 



'O^^^^^chlne (fig 2-31). A modal HSM-62 hard -surfacing 
luractured by Libby Weeding Co., may be mounted on a bracket on 



Hard-surf adpc 
machine, Jnani " 

the forward end of the trailer. Th1s"unit'is a sep'arate'ltem and' iTnot*' 
provided for on the machine. All units do not rate this machine It is 
used to apply extremely hard alloys to the surface of a softer metal to 
increase its resistance to wear, abrasion, corrosion, or impact. 
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Key 


Item 


. A 


Dial • 


B 


Handwhee 


C 


Caster 


0 


Lead 


Dl 


Clip 



Key 

E 
F 

G - 
H 



Ptfem 

Caster 
CI amp 
*Lead 

Caole assembl y 



F1g 2-31. Welding machine, hard-surfacing. \ 

^ I 



fe) Organizational maintenance . This 1s defined as maintenance ^atts limited . 

K Uoectlon l ubricat ion, and preventive maintenance. Organizational ,\ 
maintenance personnel- Assisted by the operator, must perform the preventive ' 
ma ntenance services regu arl y lo be sure that the welder functions, proper, y 
and to See tne chances, of mechaniral failure". Inspections by the operator .j 
«st be made before, during, and after operation of the welder Inspections of 
assemblies and subassemblies must include any supporting members and . 
connections, and must determine whether- the unit is in good condition, . 
correct 1y assembled, secure; or excessively worn. The inspection for good 
condit on" Ts-usuall a visual external inspection to .determine whether the ■ 
weldeMs damaged beyond the safe or serviceable limits, or to determine tf it 
it in such a condition 'that damage wijj occur to the machine should t be 
ooerated BeSe-operation services wi 11 be performed to determine If the 
condition of tne equipment has charged since it was last operated ahd to make , 

' ' sure the equip-nent isTeady for operation.. Any deficiencies must be corrected., 
or reported 'to the proper authority before the welder is put into operation 
locate the we?der a? close to the work as possible, with brakes set Be sure 
tne around is firm. If derating -indoors, 'venti late exhaust gases to the 
outside air and provide achate venti I ation . Check the fuel supp y an(f fill- . 
?he tarfks <f necessary.. 'Check the oil level in* the cranktase and the coo ant 
the radfator If Intifreeze is used, al low* for expansion. Check for leads,, 
■paying part cular attention to the lubricating and cooling systems. Make a 
visual inspection of the un1.t for missing components and loose bolts, nuts,. 
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screws, ytrlng, etc.; replace any that are found missing. When starting the ; 
welder w see that no tools, raijs, or other materials are left on top of the 
engine. During operation of the welder, the operator Is responsible for 
correcting or reporting any deficiencies, malfunctions, or abnormal conditions 
of the welder; also for checking the Instruments and gages. At normal 
operating speed -artd temperature, the no-load readings of the gages should be: 

Engjne oil pressure 20-35 Psl 

Battery-charging ammeter "... Slight charge 

Coolant temperature 16XP-180°F 

If the engine oil. pressure shows an unusual drop, stop the engine Immediate 1 ! y« 
and check the unit and lubricating system for cause. Correct the trouble 
before restarting the engine. The same procedure 'should be followed If the 
engine cooling system bolls over or the temperature rises above normal. The 
operator must also be alert for upusual or faulty operation, such as failure of 
engine* to return to Idle .speed when weld1ng*arc Is- broken, or for excessive 
smoking or vibration. Check the welder thoroughly and either correct the fault 
or stop the engine and report it to the proper authority^ With only brief 
experience, the operator will become accustomed to the usual sounds of engine 
operation and will become familiar when strange n^ses occur that are not/ 
characteristic of a normal operating engine; When noises other than normal 
occur, stop the engine and determine the cause and correct It before 
restarting. During halts' (engine shutdown) even those of short duration, 1t Is 
the responsibl 1 Ity of the operator to thoroughly Inspect the welder and correct 
any deficiency noted. The unit must be lubricated at specified Intervals to * 
minimize wear and prevent damage and breakdowns. Use the correct lubricants 
and do not overlubricate. Wipe off all excess and sallied lubricants after 
application. Follow the lubrication chart appropriate to the welder/ When 
performing organizational maintenance, dp not attempt repairs that you are not 
familiar with; are not In your area of responsibility, or are not classified as 
organizational maintenance. These are the duties of experienced personnel and 
higher echelons of maintenance. Organizational maintenance Is performed by 
maintenance personnel assisted by the operator at week IfN^Qd month 1 y 
Intervals. The weekly Interval will be equivalent to 60 houhs, of use. The 
monthly Interval will be equivalent to 4 weeks or 240 hours of use, whichever . 
occurs first. The preventive maintenance services to be performed at these 
regular Intervals are listed in t^ble 2-1. 

Organizational Maintenance of Model LM- 62 Tral fer-Mounted Arc-Welding Set. . 



Procedure 



Before operation services . Check and perform services. 1 isted previously In 
paragraph 4-2a (l)/(c). % " , 

Lubrlcrtlc^f r^Tnspect entire unit for mlsslng^r damaged lubricating fittings 
^and for indication of insufficient lubrication. 

fittings , Replacfe missing o£ damage^ fittings. Lubricate as 'specif led In 

lubrication guide. . 

» * 

Tools and equipment . Inspect condition of all tools and equipment assigned to 
the Wilder. Che£k conditio^ and moutfti<ng of toolbox. 



Table 2-1. prganl rational Maintenance of Model LM-62 Tra1 lef-Mounted^Arc-Weldlng Set, 



Intervals 



■J* 



9 



Procedure 





3-5 






M 






a? 


O 




i % 





' X 



X* X .See that all tooH and equipment* assigned to the* welder are clean, serviceable, 
and properly stowed or mounted. See that the toqlbox 1s In good condition and 
that the lid closes arid fastens properly. - 

X >X .Appearance > Inspect gener^i appearance of unft, paying particular attention to 
clegness, legibility of Identification markings^ and condltlor^of paint. 



X 
X 



X Corrett of report* any deficiencies noted. 

> ■ 

* " . ENGINE AND ACCESSORIES m V /: 

X Cylinder head, manifold, and gaskets . Inspect cylinder head, manifold sand 
^exhaust pipe for leaks, loose or.jnissing bolts, and defective gaskets. r 

X Tighten or replace any loose or mlsslitij manifold and exhaust pipe mounting 
0 bolts, nuts, ^nd lockwashers. Replace airy defective gaskets. > On new or 

reconditioned engines, check all cylinder head bolts for tightness at the first 
v weekly service. 1 (The correct torqye wrench- pull Is 75*Yoot-pounds for cylinder 

head bolt,) § * . ' ' 

011 filters. Inspect ol 1 fi Iter" assembly and connections for leaks while " f ^ 
engine is running- - " * 

Service oil filter as s specif leb-iln the lubrication guide, 'After servicing, 
check carefully for leaks white engine is running, 

Radiator . ^Inspect radiator for leaks, for obstructions in core air passages, 
and for loose mtfunting bplts.^ Check all coo Ting-system hoses for leaks, 
excessive deterioration, and loose connections. Check operating temperature 
'and., condition of coolant. If coolant temperature remains below 140°F, or 
rises jbove 190°P during bperation, thermostats may.be defective If v 
antifreeze is used, check its freezing-point,. 



praln, flush, and^reflll cooling System 1f coSfant fs contaminated with rust or 
dirt, .See that c6re air passages, are dean. Replace any damage or defective 
cool ind- system hpses, Vines, and gaskeU... See that all mounting bolts and _ 
connections are'tlght. Protect coolant from freezing, ^ind recofd Its freezing 
point oh NAVMC 10560." w <\ , < 



Water, pump, fan, ftd shroftcl 
missing moiintlhg and assembly 'screws . 
blades and shroud. 



Irfspect watfer pump for leaks an^for loose or m 
Check the condition, and mourftlng of fan' 



X 
X 



Tighten or repl ace , loose or missing boflts and screws, 
It with a new or" reconditloneji^Dump. \ • . „ ' u . - 



if pump leaks, replace 



Belts an d pulleys . Inspect for excessively worn, cracked, .or frayed belts. 
Check belt tension and condition and alinement of pulleys. (Belts are properly 
adjusted when, they can* be deflected 1 IncOjjom normal; position at a. point 
midway between the ptflleys.) « t ' % - 
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zational Maintenance of Model LM-62 Trailer-Mounted Arc-Welding Set. 



Procedure 



a o 



r 



Adjust the tension of the belts 1 f ifcctfssary . ^Replace belts If frayed or badly' 
worn. Replace all belts 1n sets, NevHr install .new-belf* with worn pulleys, 
or new pulleys wltft worn or frayed belts, ^ ^ 



X v Governor , inspect for loose or missing mounting boh ts. -Check for prop 
operation and-adjustment/ V „ ' . 



er 



Fuel tank, c a 
Inspect fuel 
Check fuel 




kc^^^eck df§h3l 



arid ga-skc^ ^^F^pk "(?Shait1on jind minting of fuef tartk. 
1 1 nes and 'gonrticti ojis Top J eak s , kinks, and obstructions, 



p and gasket for wear and damage. 



r 



Tighten or rf place loosfe or' missing mounting baits. See th'& the air vent Is 
open,' and filler capVlean* and tlghtfi ttljjg. Replace fuel tank cap a*d gastet 
1f necessary. ^Repair qr replace leaky or damaged fue^J1nes*|| 

' . ' : EtECltlCAL SYSTEM * 

* i 

Battery . * Inspect batteiy cas^s for, cracks, leaks, loose* mounting. bolts and 
clamps, or for dirt and corrosion Qn tpp of case. Check* for loose cable \ 
connections and corroded or damped terminals and cable^ Check l?vel of * 
electrolyte (It should Be about 7/8 1 rich abov**thf? plattsfc. Check electrolyte 
with a.ttydrfcmeter ah4 record>rea<Mngs on NAVMC '10560: i Readings from 1.275 to 

* 1-300 indicate a fully charged battery; readings between*/! . 200 and 1.215 4 
Indicate a battery more v than hal f 'discharged. ' 

Clean all d1rt,-igud, and corrosion from top of batteries, posts, clamps/ 
Cables, and *cable -terminals. Replace damaged cables. Apply a thin film ofs, 

chassis grease over the terminals after they are clamped tight. Add clean 
W4terv*if needed, but'do not overfill. *If freezing temperatures prevail, the 
batteries Vnust be pharged long enough' to mix the Eolation thoroughly. See th*t 

, the, batteries are securely mounted and that the cap^are tlqht ^and the * * 
v v entholes open. ■ r v * # 1 . 

Generator and starter .; Inspect both for loose mounting, bol ts and damaged or 
loose external wiring connections. ^» k • 11 

* ■ , \ , v . * . . • 

Inspect commutators and brushes <f or excessive wear, dirt, and oil deposits. ' 
See that brushes are free in, the>1r> holders and, that .they make contact w1th 4 the 
cojjwnu^atioVs. * • . * * • . r - ' b « ' A . * . 

' See that starter and generator are s^furely and properly wtmted. See, that 
bnrth Wire connections airtight and that' ^rushes arefr^e 1ri thf holders and 
pake good Contact with theVommutltor;s + • • : • 



(After tjhe*st*rter\ 
iAftferr v tjhe 



VoUa&g regulator .' Check operati«f of voljtige regulator. w ,, 
is used, tne a meter should show an appreciable rate of chargfe. 
battel Is fifly charged^the arttieter shouVd show no charge or only a SlIMft 
charge.) . . > a ■ -*y 

• * " 



Jable 2-1. Organizational Maintenance of Model LM-62 Trailer-Mounted Arc-Weldfng Set. 



Intervals 



Procedure 



•a' 8 



3 $ 

?9 



X See that ttie regulator Is securely mounted. Tighten or replace loose or 
^.missing mounting and regulator cover screws. 

CONTROL SYSTEM „ 

X G ages (meters) . Inspect operation of all gages and meters. See that all gages 
are mounted securely and that all connections are tight and clean. Uncler 
• normal operating conditions the gages arid meters should read as follows: 011 
pressure, T6 psi;- battery-charging gmmeter, 1n charging range (pointer should 
be on charge side of dial when engine 1s running); water temperature ga^e, j 
normally 180°. (Many run slightly more or less depending t>n climatic 
conditions; check for extremes .) / ' 

Tighten loose connections.* Replaced damage or defective gages-. 

* FRAME b „ - " f 



X X 
X. * X 



FrW. Inspect for cracked, broken, or splitting welds, and loose or missing 
bolts, nuts; washers, arfchbent or displaced members*. - , ■ 

Tighten or replace all loo^or missing bolts, nuts, and washers. Repair or 
report to proper authority- all^ bends, cracks, and breaks.- 



GENERATORS 

* - \ 

Commuta tor and brushes . Insect commutator, brusrt hblders, and brushes* f of • 
Cracks, abrasion, wear, and o,1l deposits. Check fpr excessive sparking. See 
thaf brushes move freely 1n theft* holders and that springs provide sufficient * 
/ pressure. (The correct^sprlng pressure* 1s 2 lbs.) 

tYean commutator *1f necessary; If available, usexlean, dry compressed air to 
+ clean the dust and {J1rt. from around the fields, rotor, air dujts, commjiUtor f 
and brushes. x - 

WlrlBA. Inspect -generator w1r1ng v for worn, cut. cracked, M Swoll en or frayed . 
Insulation. 'QhecV^lrMn^for loose and corroded connections. ' 



Cor*r?ct of reports ^p6r ^author 1ty any deficiencies noted. - • ' 

Contrjol pgel . See that all, meters, gages,anc) switches faction properly; *nd* 
that l the> entire co^krol panel Is clean and securely mounted. - 1 See that all 
;, term1nai,connect1on^on back'of tti| panel a^ -clean, fr^e fr&m rus^ and 
'torj-oslo^r and aecurfily tightened^ •■ 

Correct or ^report to projjjjer authority and deficiencies noted. 
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Dynamot or -weld er (fig 2-3?). The dynamot&r-welder Is a component of the general t 
purpose repair" trailer set No. 1 and the organizational repair set No. ?. The 
difference between the two 1s that the No. 1 set 1s driven by an engine mounted 1n the 
trailer and the No. 2 set 'is driven JSy thfc truck engine. Herein we will refer to the 
trailer -mounted welder, whose operation Is "the tame for both models. A dynamotor- 
welder 1s IfistalfwMn the trailer and driven by' the ^shop- engine through a manually 
operated clutch x>r by external power source. When the welder 1s driven t\y the engine, 
it provides direct current for welding .and al ternat1ng*cirrrent for t>he f shop^^t tools 
and equlpiffint. When the welder is driveVi by an eternal power soiFrce, the ac generator 
acts as a synchronous mptor and drives the welderHfc provide dir ect c urrent for 
welding. The external power is also used to operatoftthe shop set^Bbls and tools and * 
equipment. The, normal power, etther^ input or output^ is 220-vfclt, 3-phase, 60-cycJe, 
alter natfng current. * 




Fig 2-*32. Dynamotor -welder". 



fa) Starting and sttoplriQ iiie Bynamoto'r 
engine to power the welder and, air 



■welder . 



The shop set Is equipped with an 
compressor. Jhe frequency, 50 or 60 cyc^fcA^ 

TO. 



Starting and 
engine to po 

determines .the running speed, 1,500 or 1,800. rprp", respectively, o# the eng<1 



The dynamotor -welder frequency 1s dictated by the frequency required at the 0 
remote utilization ind the "frequency switch, locatpd/on the welder control 
instrument panel (fig 2-34). 'this 1* usually Set afc 60 cps, although the: 
contents of the shop set will operate satisfactorily on eith^ .frequency? The 
speed adjustment and 4 power' engagement^ as well as pimple engl/ic/'s'tartupy become 
part of- the overall eng Infest art ing proceduregg^^mentioned befor^, when the 
welder is powered Intecjrially by the (engine, it gera^fltes both alternating amV 
direct current; when iU 1s powered by an outside source, it generates direct 1 * 
current only. In either case, use of ac or dc depends on the proper setting of 
the ac^and dc electrical systems of the shop set. The dc 1s used for welding. 
The 3-phase ac genferator is used to power external lftads antf various, shop set 
components. The current to b£ used withlA the shop set, if generated at 380 br 
440 volts. Is reduced by a transformer* to 220 voltfc, and in part, tec 110 
volts. If generated at 220 volts, the / current again js reduced to 110 volts. 
Starting the two. electrical ^sfems is done^t the cdntrpl' panel (fig 2-35). 
Start the engine and adjust speed 1 to 1,800 ot 1,500 rpm as necessary, referring 
to figure 2-35. The engii\e governor will maintafn adjusts speed unde* various 
load, conditions. Figure 2-33 illustrates the engine contcoyS and Instruments 
when the engine 1s running with the clutch In the d1seftgag&d position. Aft$r 
the shop engine has been started and ha^ reached operating, temperature,^ 
energize £he qc and de Internally powered Electrical 'systems, referring to* 
figure 2-3$ and the steps listed. \ 




Fig 2-33. Engine control s ; and instruments. 




Fig 2-34. - Dynamot or -welder controls and Instruments. 
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F1g 2-35 



set engine, 



Step 3 . Turn shiftter control fully counterclockwise to 

~ * CLOSE. 

Step 4 . Push magneto switch to START. 

Step 5. Pull throtftle control out 1 Inch. 

Step 6> Pull choke control out. 

Step 7 . *Place battery switch on. 

Step 8, Push starter tffntrol rod In to start engine. 
»~ 

• Step 9 » After engine starts, close choke gradually 

and adjust throttle control to gci^ tachometer, 
reading, of 600 to 900 rpm« * 

Step 10 . Open shutter cqytrol partially. Operate 



and adjust' shutter control to sta- 
engine temperature between 150°F 
0°F. 



ctww* A*, *u** mum* 
********* **t* " 




Fig" 2-3$*-cont1nued 



» 
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.Fig 2-36. Starting and stopping ac-dc electrical systems with internal power. 
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Step 1 . Set cfrcult breaker at ON and frequently sw1tch»»at" .50 or 60 cycles as necessary. 
Step 2 , Set polarity switch at OFF arid dc variable resistor at zero. 
Set selector switch at GEN (generator). 
Engage Engine (f1g>2-35, step 2) . ' 



£tep 3. 
Step 4 . 
Step 5 . 
Step 6 . 
Step 7. 



Hold dynamotor swjfcch momentarily on start.' 

Regulate- ac variable resistor to give desired reading on ac voltmeter. 
Adjust engine speed as necessary to give desired reading on frequency meter 



To use the dc electrical system only, perform stops 1 through 7 above arid then set 
selector switch to OFF, momentarily holding the dynamotor switch at>the^ST0P pos1 
stop the, engine and deenerglze the electrical systems when thfey are .Internal ly^o 
■following steps must be performed. ■ * ' 



jpp.'The 



Step T^ Set the selector switch to OFF.* 

Step 2 T Momentarily hold dynamotor switch at STOP. 

Step 3. -W^engage clutch by moving the clutch lever to the DOWN Qtosltlon, 

Step 4. Unllock throttle and push 1n. 

Step 5 * P(/ll magneto switch out^ 

Step 6. Place battery switch ^at OFF* 

Step 7 : Close fuel shutoff vawe. ) 



To start the ac-dc^ystems with external power, connect the external p<$Wer lead*(f1g 2-3?) 
to the Input/output recepta(?W> Referring to figure 2-38, follow the steps to energize the' 
s^tenu 



% V F1g 2-37, 




4 



External power supply, removal an 
2-44 * * 



s 



t 




f 



±i * 



i 



J<OTE: TO UTILIZE DC ELEWpiCAL SYSTEM ONLY PERFORM .STEPS 1 THROUGH 4 BELOW,' CHECK PER NOTE 
BELOW, AND FOLLOW BY SETTING SELECTOR SWITCH AT OFF POSITION. 

«. 




Note: Check 'direction of rotatlop of dynarootor-welder; 1t should be counter-clockwise 
viewed from non-'drlive end. If rotation Is Incorrect: 

K Stop dynaimrtor-welaer and, disconnect external power. * 
• 2. Reverse connection of any 2 Incoming power leads at Input/output connector. 
3 # Repeat steps 1 through 4 below* 
Step 1. Set circuit breaker at ON and frequency switch at 50 or 60 cycles as necessary. 
Step 2. Set polarity switch at fiFF and^ dc resl^for at zero. 
Step 3. Set selector switch at CTTY . 
STEP 4. Hold dynamotor switch momentarily on start. 

> , 

Fig 2-3$. Starting aer-dc electrital systems with external power. * 

(a) Welder operation . To- operate'' the welder, after ttajac-dc systems have been 
energized, whether it be with an internal or external power source, refer to 
figure 2-39 and follow the steps Misted, 




Step 1. Be sure polarity is at OFF and dc variable res4ftor at zero, of* set 
switch and resistor ttf these posTFTons* . * ■ / # •* 



Step 2, 
Step 
Step 4. 
Step 5. 
Note! 



Connect welding ground cable to ground ter r mJr1a1 of welder panel. 

Connect ground* cabje to workp'iece^ * 

•! 'Ik ' 

Install w«*M1ng /able plug -in welding connectpf marked 1. „ 

set polarity switch at gtrajght -or reverse as necessary. 

Powered flux> carbon, ,and bare electrodes , usually -upe straight, 
^polarity, putting Z/f of *eld1ng-heat in the workplace, copper'allay 
and heavily coated electrodes generally use refers* polarity, putting 
2/3 of welding heat in the electrocte. - J 4 * 



Step 6. Install electrode in electrode holder *and weld, 1f more welding heat 
is required, turn dc resistor* c lockwise to Increase welding current. 

« • * / V 

Note: Perform steps 7 through 9 below only If- still greater welding heat is 
required, if satisfactory welds are pro^uce^ by performance of this 
// step, <(step 6) complete ''welding and perform step 10 > WloW. 

t Step 7. Repeat step 1 "above. - 

Step 8? -Remove we1<Mtig cable plug andUJnstall it in next higher numbered ~ 



welding connector. 



Step 9. Repeat steps 5 and 6 above and notes beneath as rjecessary. 



Step 10- Wherr weldtng Is Interrupted, set polarity switch at OFF , When 
t welding Is completed, set pblarjty switch at OFjF , turn dc resistor fuliy 
counterclockwise, an£ stop the JJ.yn amptor-we 1 der . A 

~* FI9 2-39. Operation bf/dyr^taotor-welder . 

•^fr. 1 .Alternating-current welders (fig 2-40). t Jtost ac welders are essentially static 
transformers . fhe function of a f ransYflrrtter; as the name Implies, H tfo transform or change 
electrfcal power fr%m on^ voltage to another. Basically, a transformer consists of three 
principal parts: a core, a primary coll, and a secondary coll. There are three general types 
of transformer arc welders: tapped reactor, movable coll, and movable core. Th£~bas1c 
difference's the manner In which current control for welding* Is accomplished, figure 2-40A 
Illustrates a p welder 1n which the current control Is selected by Inserting electrode and ground 
leads Into appropriate receptacles. In the movable coll and movable core types (fig 2-40B), 
current Is adjusted by manipulating a handwheel or crank. Before attesting to connect or 
operate a transformer welder, study the directions and the handbook for that unit as 'well as 
the Information on the data plate. Then, before you apply power, be sure that; 

(1) The <trarfsformer core and case are securely grounded, f 

• * (2-) The secondary leads (electrode anct^ork) are Insulated from each other and from the 
ground^ - <j 

(3) The corVect voltage, 'as indicated on tjie nameplate, is used when connecting to the 
primary winding. v Connecting the unit to direct current or to a potfer source having 
a greater voltage than that specified mfcy result 1n serious damage to the 
transformer coll. To aid. you In avoiding mistakes when connecting and grounding 
'the welder, a 3-w1re primary pow^r, source supply cable Is furnished with each 
machine. Two Jeads, one black and on^ tfhlte, arc^for connection to„ -the power 
source. The third Is for grounding the transformed case 4 a«d^£pre to the 
* established service ground. The grounding wire should always be connected to a 

, ground before power Is appMetf to the unit.- Since there are no moving parts as jTn 
generator-type welders, tr#it(ormer-type welders r§qu1r^less upkeep 4 However, the 
machine should and does require protection from du$t, fumes/ and excessive 
moisture. Also, the flow of ventl 1 ating air should not be restricted during 
operation. Once every 6 months the welder should be clfeaned~by blowing out the 
unit with clean, dry, compressed air. All weldltijL^peratlons with ac transformers 



must be done with heavily C(**ted electrofles .speciflral ly designed for^use with ac. 





Fig 2-40. Ac transferer- type welding yachjkjes^ 




EXERCISE: Answer the following qu^tlons apd cfeck your resppn>?s -tgalnst tfiose listed atf the 



ertd of thH. study, unit » 



1, A rectlf ier-type* welding machine *de11verj 



a. ac* 

b. . dc 



c. either A of c 
*d. pol^ . 



2. A LM-62 1s a 



• { 

>n, self contaflne 



a. gas-engine driven, self contained ac welder., 

b. dlesel engine-driven, selt contained ac welder. 

c. gas-engine driven/ self contained dc "welder. 

d. - dlesel engine-driven, self contained dc welder. 

The generator on the LM-62 welder provides 

welder and small hrand tools. 



a. 

b. 



110 
115 



d. 



220 
440 



ts for operating the 

A 



When the voltage required 1s' critical for the operation of 'small hand toQls from 
the electrical outlets on the LM-62 welder, the deslredjroltage may be regulated by 
the 



a. engine" speed. 

b. job selector rheostat. 



c. current control . y 

d. current control and polarity switch. 



5. On the LM-62 welder, the welding generator and thfc attached exciter convert 



a. dc to ac, 

b. mechanical energy to electrical energy. 

c. ac to dc. 

d. mechanical energy to rotating energy. 



Three factors determine the projjer welding voltage and current selection op the 
welder. They are, the material being welded, the skill of the welder, and 



a. the current range of the welder, 

b. the size of the electrode. 



c. the polarity that will be used, 

d. the rpm setting on,.t^ throttle control, 



7. When welding In the overhead position using a 1/8 Inch electrode, with the LM-62 

t section. 



welder, you- would place the voltage control 1n the 
i 

a. yellow r 

b. black 



c. red. 

d. special application 



After cranking the LM-62 welder for 30 seconds, the starter should be, allowed to 
cool for 1 



a. 
b. 



30 seconds 
1 minute 



c. 
d. 



0> 

2 ,minute~s~ 

3 minutes 



9. 



for 



The oil pres^sufce gage should be checked after the engine has f c 



& 



10-20 seconds 
30 se^onds"*^ 



1 minute 

2 minutes 



9f 



10. Utilizing external power 1n the operation of a dynamotor-Welder* 
1s produced • * - • # 



current 



a. alternating « 

b. alternating and direct 



rect 



11 



Electric transformer ac-type welders should be cleaned with compressed air 
every . month(s). . 



5 
6 



12. 



Match the flfteei* gauges and. controls (Column 1) wl^h thelV correct uses (Column 2), 



. Column 1 

(l) ~Hour1j)eter . 

]2) - Fuel gage T 

(3> Battle switch . 

(4) Water temperature gage . 

{£) on -pressure gage / • 

(6) ^tarter button. 



ERIC 



Column 2 

(a) This control varies the exciter voltage of 
the welding generator/ - 

(b) The electrode hplder an<J work" cabtes are 
attached here tor obtalrt welding current. 

(c) It Indicates engine lubricating oil 
pressure, 

\4t ■ . 




Battery-charging ammeter. 
Pane! light twitch. 



(7) 

(8) 

(9) 
(10) 
(11) 
(12) 
(13) 

(14) . . .. 

(15) Welding generator terminals. 



Current control . 
VoitAge control (Job selector) . 
Polarity twitch. 
Utility outlets . 
Welding selector s wl tch . 
51 qroe tie outlets. 



(d) It Indicates total hours of engine 
operation, 

frf) This switch permits the selection of the 
output terminals, of the welding generator 
or'slgmette outlet. 

(f) It en$rj1zes the starting motor to crank 
the engine* 

(g) Its purpose 1s to vary the current output . 
of the welding generator. 

(h> These outlets permit the welding of 

aluminum or small -gage metal. 
(1) This swltph disconnects all safety circuits 

to the engine. * 
(j) These supply voltage ,for small -tools and 

accessories, 
(k) It Indicates the quantity of dlesel fuel - 

remaining In the tank. 
(1) This switch controls the polarity of the 

electrode/' 
(m)' It Indicates the engine coolant 

temperatures. . * 
(n) It turns git- panel lights tq Illuminate 

controls and Instruments, 
(o) It Indicates the charging or discharging 

nate of ^the battery.** 



1t 2-5. WELDING PftXEDURES 



IDENTIFY THE MEANS- TO CONTROL EXPANSION AND CONTRACTION OF METAL DURING THE WELDING 
PROCESS. • 

IDENTIFY THREE METAL -ARC WELDJNG PROCEDURES. 

IDENTIFY TWO ARC-WELDING SAFETY PRACTICES FOR ELECTRICAL SHOCK. 



EXPANSION AND CONTRACTION IN WELDING OPERATIONS- 



J 



"(1) General . As you are probably aware, the lln^r dimensions of all metals change 
with fluctuations In temperature. The heat developed at the welded joint by any 
welding process will cause the metal to expand and; upon cooling, ther? will be a 
corresponding contrattlon or shrinkage. Just as metals differ In 1 their ability to 
conduct? heat, so do they vary In the extent to which their linear dimensions change 
with a given Increase or decrease In temperature,. The extent to which expansion 
and contraction occur Influences the voidability of the metal Involved. If all 
metals responded to temperature changes In the same way, the Influence of expansion 

' and contraction on voidability *ould be less than -it is.. But When metals having 
different rates of expansion, and contraction are welded by high-temperature 
process, the Internal stresses* set up by different rates may cause the joint to 
crack Immediately. Figure 2-41 Illustrates some distortions caused by these 
Internal stresses. ' Even when metals have the samp characteristics, expansion and 
contraction may not be uniform throughout all parts of the metal. The / 
nonunlforalty of expansion and contraction win also leqd to Internal stressed 
distortion, and warpage. * • j 




FIA*T work drawn into curve 



SPACING CLOSES 



Fig 2-41. Results of weld-metal shrinkage. 



(2) Con trolling expansion and contraction , .The welding procedures should be devised so 
that' contraction stresses will be heTd, to, a minimum in order to retain the desired 
shape and strength of the weld cart. .Tack welding helps to prevent undue 
distortion. You will usually taEk-weld sheet-metal, joints at short iatervals. 
Most joints can be alined and held 1n place *1th pieces of angle Iron and, 
C-clamps. In welding long seams, the contraction of the metal deposited at the 
joint will cause the edges being, welded to draw together and possibly overlap. 
This condition can be offset by wedgiflg the edges apart as shown -1n figure 2-42. 
As the weld progresses, the wedge should be moved f of ward. . Spacing of the wedge 
depends on the tyffe of metal being welded And Its thickness. Spacing for metals 

' more than 1/8 1n. thick j"s approximately as contained in table 2-2 below. 

n ■ • - 

s Table 2 r 2.. Spacing of Metals to be welded. 



Metal 



I nc hes per foot 



Steel | 1/4 to 3/8 

Brass and bronze 3/16 

Aluminum . . , .1/4 

Copper ........ . .0 3/16 

Uead 5/16 



WE OCt PLACED APftX |8 INCHED 
AHEAD OF WELD 




DIRECTION OF WELDING | 



DIRECTION OF CONTRACTION 

— - / : 



f i ixxuj 



LJ * L-i 

- 1 • 



F1g .2-42. Spacing with a. wedge." 
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Buckling and warping can also be prevented by the use of quench plates. These are 
heavy pieces of metal clamped parallel to the seam being welded^ with sufficient 
space between to permit the welding operation. These quench plates absorb the heat 
from the welding operatk>n and decrease the stresses due to expansion and 
contraction. * 

(3) Stress-reJIevlnq . Upon cooling, the weld metal shr1nksjt6 a. greater (ftgree than 
the base metal to which 1t Is' welded and, because 1t IslTJrmly fused to the base 

* metal, 1t exerts a drawing action on It. This drawing action produces stresses In 
and about the, weld which may cause warping and buckling. Ther^for^ parts that 
cannot move to accomodate expansion and contraction must be heat'ed uniformly 
during the welding operation and stress-relieved after welding, Tfifcse precautions 
are particularly Important in welding aluminum, cast Iron, high-carbon steel, and 
other brittle metals. Stress-relieving In steel, welds may be accomplished by 
heating the work from 800° to 1,450°F, depending on the material, and then 
cooling 1t slowly. In stress-relieving mild steel, it 1s common practice to heat 
the" complete weld 1 hour for each Inch of thickness. Another method of 
stress-relieving 1s to work the finished weld metal by hammer blows (peenlng). - 
Excessive peenlng, however, may cause brlttleness or hardening of the finished weld 
and actually cause cracking.' Preheating of the parts to be welded 1s desirable In 
some applications of welding, ~ If proper preheating times and temperatures are 
used, the cooling rate is slowed down sufficiently to prevent cracking. Preheating 
facilitates welding In many cases and prevenU cracking troubles in the heat-' 
affected zone particularly on the first passes of weld metal. The preheating 
temperatures for specific metals before welding are as contained 1n table 2-3 below 

Table 2-3. Preheating of Meta} Before Welding. 

a * \ Recommended ^ * 

Metal „ * \^ " preheating 

Low-carbon steels (up to 0.25% carbon) . . '. . . . \- \\ 200° to 300°F . 

Medium-carbon steels (0.25% to 0.45%-carbon) ...... 300° to 500°F 1 

H1gh-carbon steels (0.45% to 0.90% calfcoo) . . .\ . . . 500° t(^ 800°F 

Carbon-molybdenum steel% (0,10% .to 0.30% carbon) .... 30Q° to 600°F 

Carbon-molybdenum stieels (0.30% to 0.35% carbonf .... 500° to 80tf°F 

MafTganese steels (up to 1.75% manganese) 300°^ to 800°F 

Manganese steals (up to 15% manganese) Usually not required 

Nickel steels i up to 3.50% nic-k'el) ^ /20(^ to 700°F 

Chromium steels . \ ^ . . 300° to 500°F J 

Stainless steels \ ..... / Usually not required. ^ - - 

Note: For alloy steels the preheating temperatures are governed b^ the carbon as- well 
as the alloy content of the steel. 

Cast Iron . . . . . . 700° to 800°f" ' 

\ * . » 

Aluminum ^ ...... . 500° to 800°F 

Copper \ .* ..... . 500° to 800°F 

Nickel 200° to 300°F 

Mortel .200° to 300°F . 

Brass and- bronze * 300° to 500°F** 



•i 



METAL -ARC WELDING PROCEDURES / - 

*^ 

(1) General . Before you try your hand, at- metal -arc welding, equip yourself with the 
personnel protective clothing descHbed^earlfer: helmet;, gloves, etc- Also, 
consider the, people areuntfyou by providing ,a screen to protect* them from arc 
flashes. Further, be sure to ground your work/piece or the welding table- 4 
• Successful nfetal-arc welding requires the proper selection of electrodes for the 
kind and thickness of material ip be welded as well as the type of welding current 
(ac or dc) to be employed; and the position 1n which welding Is to be 
accomplished- Weldjng equlpnent controls -for amperage, vc'itage, and polarity must 
be<adjusted to provide the cur^ent^W ue stfftable j^r^hextfrtdltlons of welding, 
. Including the skill of the welder himself « v JAo specific directions are given here 

for setting the controls begauie ,ttayjufa*on the different types and slies of 
« machines made by different maniji^tarers^ Gel an experienced welder to break you 
in on the- machine you' will gifting. As youAln experience, you will learn to 
make your own adjustmet&s'T Experience 1s the best guide for maklng the necessary 
adjustments to ..fuJWTI the job requirements- lor the first setting of the machine 
you can use t^eife settings shown In figyre 2-41 as a guide- Usually the containers 
1n which ^thtif electrodes are furbished by the manufacturer have, instructions for 
the1?>u$e as to the ^recomme/tdeti welding current setting for various slles of 
$le£trodes anil positions of welding, - Bear 1n mind that you can only use those 
- recommendations as * guide- Exact adjustments depend on your welding skill and the 
: type of machine ,you are using-/ 

,[ ; ' ; " ■ Plate 

Electrode size (in.) ' Class "thickness 

- (m.) 

3/32 V . ' 3/16 

1/8 1 1/4 ' 

5/32 1 » 1/4 . 

,.3/16 •••'•«»« ,V 1 1/2 - 

" Y/32 . : . . 2 1/2 

1/4 . . . •'. 2. ; - ' 1/2, 

Ffg 2-43. Current settings for welding steel with 6011 -electrodes. . 

■ t - . " ■- ■" ' • r • "' 

The mineral -coated type~of sh1el<ted-arc electrode, which produces a sla£ as* 
shield, requires higher welding currents. than does the cellulose-coated type; which 
producesJ^rge volumes of gases to* shield the arc- stream. In addition to proper 
adjustments 1 for current and voltage, to, give proper welding condition* for the 
particular size and typfc of electrode used, it 1s necessary to consider .polarity. 
"•The proper polarity can be recognized by. rthe sharp crackling ;sqund of the $rc * \ 
Improper polarity for a given electrode will fcause. the arc -to give off^ . hissing 
sound and will make control of the weld difficult. After the machine ha$- been 
. properly adjusted, the bare end of the electrode should be* gripped , in** the electrode 
holder so that the entire length may be consumed and deposited wltfiout breaking the 
• arc. There are two ways of getting the arc started after^you have properly set up 
and adjusted your welding machine; the striking or brushing method, and the tapping 
method. In either method, the an; 1s formed by shortrdrcul ting the Welder current 
- between the electrode and the jolht to be welded. The heat,at t|ie arc causes both 
the end of till electrode and. the spot struck on the metal to melt Instantly*- In 
the strtklng or brushing method (fig 2-44), the end of the electrode 1s .brought 
down to the work 1rt a continuous motion that describes the*arc of # a/ctrcle. As 
soon a$ yoju touch, the surface of thejbase metafl, the downward motfo.it 1s checked and 
the electrode 1s raised to ttake the arc. The jlf stance* between the electrode and , 
the base metal sh^Kld be^about equal tp the diameter of the electrode. You .will 
know ty .the sharp crackling sound when you have the right length afc^.In the > 
tapping method (fig 2-45), you hold ttfe electrode vertical to the plate. Establish 
%he arc by lowering the electrode and tapp1ng\or bouncing 1t on the surface of the 
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' F1g 2-44. Striking or brushing method. 

base metal .V. Vflth some types of electrodes It 1s necessary to strike the -electrode 
fordbTy on the base mfctal'to remove the projecting cover on the electrode tip. 
With other types , you 1 o?)ly" need to hold the electrode 1n contact with the work. 
The coating of the$e contact electrodes v ^ " 




Tapping methods 



1s an electrical conductor of sufficient decree to. start an arc. The arc 1s 
maintained by keeping- the covering 1n contact with the work. When you strike, an 
arc, be sure not to raise the electrode too fast or you will lose the arc die to 1 - 
Its, length, if you raise 1t too slowly, It will stick or freeze to the base 
metal . When this, happens t you can usually free 1t by a qu1<:k $1dew1$e wrist 
motion. If the electrdde -1s not^freed \>y this motion,^ remove the holder from the 
.electrode or stop the machine. A 1*1 ght chisel blow will then fred the electrode 
and allow 1t again to> be gripped 1n Vie. holder. Do not}>emov£ your helmet or the 
shield from your eyes wh4l£ working, with the electrode. After the arc 1s struck 
particles of metal melt orl the ervd'of the electrode 
crater of th# base metal- 'This <:aufces the electrode to 
increase* 1n le&gth unless you keef> the electrode closer 
end 1s fed off. If the el'ectrode 1s fed down to the pla 
a' constarrjt r&te, a bead of meJkJ will be deposited or wel 



are fed Into the molten 
horteri and the arc to 
the base metal a$ the 
and alonvj the surface *t 
y the surface of > 

thfc base metal . Before'you tfSvance jjpur arc, ho]d.1t for a short time, at the; 
starting point to insure, good fusion arid to build up the bead slightly.- "Gpqd'arc 
weldtng depends on .good control, of th£ motion .of the electrode down to and along 
the surface 6f/ the base metai. Just as there aj*e two d1 f fer en t. methods for b • 
startlrtg the arc,, there are also two different method^ of breaking the -arc. In ttf^ 
first. method, the arc 1s shortened and the electrode 1sf roove^ quickly, sideways 1 V 
frofl the crater. In the -second method, the electrode 1s held, station*^ long 
ehowgh to fill the crater and _ then. slowly withdrawn.' "Usually, the'vlrst method 1s 
the QQf chat you will use.' In ^n^ral , .the types of wel ds- and Joints for arc 
welding are th6 same as those used In gas v/eld1ng. Also, the positions of^welds 
ape the same «||n gas wielding. . Ar<c-:wel ding techniques must differ somewhat for 
the positions uild, The poslttmj'of the felectrode 1u relation to the joint 1s a * 
factor of prime Importance < Increasing *t;he electrode angle, In t*ie direction of 
wtldlng bulTds up a bead/ ; • •* » if ■» 



(2) Wel ding a head in the flat position (fig 2-46). The electrode should he held at a 
W angle to the base metal . .In order 'to get a goocfvlew of the molten puddle, 
you nay find 1t convenient to tilt the electrode from 5° to 15° 1n ttfe 
direction of the welding. To nm a head,, don't move the electrode from side to 
side. -To keep the arc constant, move the electrode forward jus^ fast enough to 
deposit- the weld metal uniformly, and move 1t downward as rapidly as the molten 
metal 1s deposited. Hold a short -arc and weld 1n a straight line at a constant 
' speed. You can't judge the proper length of the arc hy looking at it, so ypu will 
have to depend ^n recognizing the sound made hy the short ar.c. This 1s a sharp 
crackling sound and 1t should be heard all during the time the arc 1s being moved 
along the surface of the plate. When the length of the weld requires the use of 
"' more than one electrode, reestablishing the arc and continuing, the weld becomes an 
Important procedure. , Reestablish the arc by striking the tip at the forward- or . 
cold end of the weld crater; then mWe the arc backward over the crater ahd ttfen 
forward again to continue the weld. This -proced^e fills the crater and avoids t 
porosity and tapping of slag. > , • • 




F1g 2-46. Electrode position for welding a bea~1n the flat position. 



A good bead weld should have the following characteristics (see fig ?-47): ; 

Little or no wteld spatter on the surface of the plate. 

\ An arc crater 1n the bead of approximately 1/1/ 1n. when the arc hafs been 
^brokeh. 

Slight build up bead with no metal overlap at the top surface. 
A good penetration o v f approximately 1/16 In. Into the base metal. 
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F1g 2-47 . Bead weld characteristics. 



(3) Heldlng a butt joint In th e flat position . The setup for" this type of weld 1s the 
same as for gas we l ding. Plates less than 1/4 1n. thick can be welded 1n one 
pass. Mo edge preparation Is necessary for this type of weld, but the edges of the 
base metal should be tacked together to prevent them from separating and to keep 
them alined. The electrode motion 1s the same as for fqrmlng a bead 1n the .flat 
position, When you are welding plate mqre. than* 1/4-ln. thick, the edges should be 
prepared by beveling or U-groovlng. Any of the joint designs Illustrated earlier 
may be used, depending on the thickness of the plates. The first bead or root 1s 
deposited to seal the space between the two pieces of the 'joint and to weld the 
root of the joint. The bead must be thoroughly, cleaned to remove all slag before 
another pass Is made. The second, third, and fourth layers of weld metal are . 
sometimes deposited 1n a weaving motion.* Any. of the methods- shown 1n,#gure 2-48 
may be used, depending on the type and size of electrode. You mill have to clean ^ 



each layer before depositing the next, and ytnf will havtf to be qareful to prevent under- 
cutting. To prevent tMs, pause at the end of each turn of the weave on the edges of the 
iolnt. If you have troublejgettlng good penetration at the root of ' the butt joint 1n the flat 
position, you will have tse a backup^strlp (fig. £~29h Tack-weld the strip to the base o'f 
the iolnt ar*d use 1t as a cushion for the* first layer of weld metal . When the Weld 1s * 
completed you tan remove the strip and add a seal bead at the^back, 1f necessary. 
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Fig 2-40. Weave motions. 




3 



©n— tx—tt 

s T ; r~~ toor owno 



MCK»tA iW I* ■ VI*" 



7 fA « | \ __fc_?°V 




V12- »OOI w —J | U_ 



IT 



F1g 2~4§. Butt welds with a backup strip. 



(4) Fillet welds on T- joints and lap Joints . Electrode lead and work angles are 
particularly Important In joint designs requiring fillet welds; The angular 
position of the electrode determines the freedom from undercutting, the case with 
which the filler metal 1s deposited, and the uniformity of penetration and weld 
appearance. The lead angle 1s the angle between the electrode and the joint 1n the 
direction 1n which the welding 1s being done. Work angle 1s the angle between the 
electrode and the. work 1n- a. plane normal to the joint ftlane. Both types are shown 
1n figure 2-$0. Fillet welds, as you may recall, are used to make T-jo1nts. * To 
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f\1g 2-50. Electrode lead and work angles, 



set up a T- joint In the flat position, you' form an angle of 90° between surfaces* 
of. the two pieces of plate being welded. First, tack-weld them 1n position by 
welding a tack at the en^s. Use a short arc, and hold the electrode at a work 
aTfWjle of 45? to the plate' surfaces (fig 2-51). T1lt your electrode to about 
15° lead .angle 1n the direction of welding. Light plates can be used without a - 
weaving motion of the electrode, and they can be welded 1n one pass. Heavier 
plates may take two or more .passes; 1f they do, a semicircular weaving motion Is 
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used with the secdnd pas* to get good fusion without undercutting. Lap joints are made In the 
same way as T-Jo1nts, except that the electrode should be held so as to form a 30° angle with 
the vertical. The angle Is nfore nearly straightened upward than that used for the T-joint, 




Fig 2-51. t Fillet welding a T-jolnt.' 
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(5) Arc welding In the overhead position (fig 2-52). This Is a difficult position for 

- some welders. The following tips will help you to get a gpod overhead weld: 

♦ 

Keep a short arc*. This will help you to retain Complete control of the molten 
pool. 

Hold tt\e arc 1 at 90° to the base metal when welding a bead. 

Avoid excessive wearing 1n the overhead position as this will cause overheatinc 
of the weld metal and form a large pool which is hard to control. 

Butt joints' In the ove?*head position are best made with backup strips. Whqre 
backup strips are not permitted, the root can be welded frofo the top side. String 
(straight-line) beads are better than weave* beads. for this type of weld.^but each 
bead must be cleaned and the rough areas should be chipped oul before ttfe next pas* 
is made. Figure 2-52 Illustrates the proper sequence for running beads. Fillet 
welding In the overhead position (fig 2-53) 1s done with a short arc and no 
weaving. Hold thfcelectrode about 30° from the vertical plate- and move It 
uniformly 1n thepfcrectlon of welding. Control the arc motion ^to get good root 
penetratfon and good fusion wltbHhe sldewalls. If you get too big a pool of 
molten metal and It begins to sag, whip your electrode away from the crater, ahead 
of the weld, lengthening the arc and allow the metal to solidify. Then return the 
electrode Immediately to the crater and continue to weld. ,Heavy plate may require 
several passes to'make either the T-joints or lap j^nts in the overhead PQsition. 
The second, third, or fourth pass is made with a slight circular movement of the 
end of the electrode while the top of the electrode* is tilted about 15° In the 
direction of welding. Each bead must be chipped and cleaned before the next bead 
Is* applied. Chipping and wire brushing is the best method for cleaning. 
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Fig 2-52. Welding tfutt joints in the overhead' position*. 
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Fig 2-53.. Fillet welding 1n the overhead position. 

* *> 

(6) Welding in the vertical position (fig 2-54). Because of the tendency for the 
V ' mo l ten meta l to run down, we l ding 1n the vertical poslflon 1s much more difficult 
than the flat position. Here again, careful control" orthe, welding voltage as well 
as a short arc 1s necessary. Current v sett1ng or amperage 1s less for wel.d1ng m. 
the vertical position than for welding 1n the flat position. Less current Is used 
for welding down than for welding up 1n the vertical position. When welding up, 
% hold the electrode at 90° to the vertical, and when welding down, hold the 
electrode about 15° from horizontal +n the direction of welding (fig 2-54C) . 
Butt joints welded in th* vertical position are best made with a triangular motion 
(fig 2-55). If these joints are of 1/2 1n. or heavier plate, several" passes will 
be required to get a good weld joint. <•> 
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F1g 2-54. Welding 1n the vertical position 
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Welding' a vertical b,utt joint with a triangular weave. 
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Sucessful manual arc welding depends on many factors, but the most Important part 
of the procedure 1s electrode manipulation. The arc must be neither too long nor 
too short. Too long an arc causes excessive ?rc spatter. It also decreases the 
protection of the gaseous shield at the tip of the electrode. Too shopt an arc 1s 
alsp unstable due to the teridency^o short drcu1t> and, freeze, ^rj^q arc welding, 
electrode manipulation must Insure that the sidewalls of the joint are being melted 
and the weld metal Is properly bounding without undercutting, or overlapping. v - 
Another objective of electrode manipulation 1s complete penetration, especially at 
the root, to gain the skill you need requires a great deal of practice. Knowledge 
about a subject 1s useful In solving problems, but whfen It comes to producing^..; " 
sound weld It requires skillful manipulation techfcjqu^s. This Information can';> - 
provide guidance, but x>nly your own efforts can produce the skill. 



ARC-WELDING SAFETY PRACTICES 
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Safety consciousness, an awareness of possible hazards, and knowled<^ of .ways to avoid 
or control dangerous conditions are essential in any work. In welding. Ignorance of safe 
practice or carelessness 1n the application of safety rules may result In Serious Injury or 
death for those personnel Involved. Before you set up,* operate, or attempt to weld, you shftuld 
be thoroughly familiar with aM appWcable safety rules and practices. There 1s a Navy X. 
publicitldn which discusses In detail the safety precautions 1 that must be observed In welding, 
'the principal hazards that exist, and methotls to eliminate these hazards. This publication. 
Safety Precautions for Shore Activities , NAVMAT P-5100, chapter 10 should be read and studied 
at your first opportunity. This publication forms the bails of the safety program within which 
you will-do your welding. Fp the*purpose of the present discussion, 1t is assumed th*t only 
authdrized equipment. In good condition, properly handled, properly set up and , operated. Is r 
employed in weeding operations. In common with other electrical devices, the electric welding 
machines discussed earl 1erilK this chapter are a sourslhof potent 1a1ji anger from electric 
'shock. This hazard can be mfhlmlzed by maintaining thf^equlpmefi^ 1n good mechanical and 
electrical condition. In addition to good maintenance, 1t -is Important to feallze that any 
electrical circuit, whether It is hlgrt or low voltage, must be handled with utmoU caution* 
One of the principal dangers frqm welding circuits Is to erroneously assume thSOIslnce they 
are of low voltage, they can be handled without the hazard of dangerous shock. This 1s not 
true, and particularly so if your body is damp from sweat or wet from rain. To avoid this 
situation, make H a practice to keep your body dry and insulated from both the work and the 
electrodes or telectrode holders. Never assume thaUbecause a contact at one time was not 
harmful th^jt similar contacts at other times will yso be harmless,. Treat electricity with 
respect, and play it safe. ' +j 
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Answer the following questions and check your reuses" a*ga1nst those listed at the 
end of this study unit. ^ * 

Select the metal that would require the greatest separation when you are spacing . 
sheet metal 4 to control expansion and* contraction . 



a. -Bronze - " cS - Copper # . 

^b. '"Aluminum . . d - Brass 

When welding sheet metal/, the purpose of quench plates cl amped. parallel to the" seam 

to - . * . — . . . 

v 

a. to adt as a'Aackup plate for^inf ore ement . * 

h. -to decrefce||xpans1on and contraction by -ab^qrplng Hie heat. . . ^ 
c3 to hold-the metal- -In place fot* welding. < , > ' . , 

-tf to serve as'deflectors for -sparks, 

When welding parts that eannot be moved to accommodate expansion and contraction, 
they must be 

. a. galvanized. , c. stress-lrel ieved . ■ 

b. soaked. - * d. cooled. 

The recommended preheat temperature range for a cast-iron pump housing. 1s 

a. 200 - 300OF,- ~' c. 300. - 606<>F. U - ' 

b. 30D- 500OF. ■ . d. 700 •-'800°F. . , 

All of- the metals listed below would require preheating EXCEPT 

a, chromium steel. c. nickel-chromium steel . ■ 

b. stainless s'teel . • d. high-carbon slfeel . 

When welding with a dc electrode, you can tell the correct polarity 1s being used by 

a. a hissing sound made by the arc. . / 

b. 'a'sharp crackling sound made by the arc . 

c an excessive amount of weld splatter. » * 

d. the absence of weld splatter. * • 

^When welding two plates horizontally', you should usual!* hold th^electrode at 

a /. angle to the bare metal, with a tilt in the direction of 

welding. ;r 

, % o 200 c. 900 50 to 15 a 

?! 900 - 200 , . d. v 50 - 150 t o 90 o 

The angu}ar.positl6n in which the electrode 1s held, when welding joints requiring 
fillet welds, Influences welding operations by # 



a. allowing the* welder to see the weld bead. 

b! determining the freedom from undercutting. - ' 

c reducing the amount of slag present 1n the weld hose. « 

d. determining the amount of filler metal applied to the base metal, ^ <\ 

While welding In the overhead .position, you should when the metal^ 

sags. - 

a. shut off the welder " M 

b. maintain a short arc am 

c. -.continue to weld, and chip off excessive metar* I 

d. ~ whip the electrode away momentarily to allow the metal to cool 

Good penetration 1s considered to i>e ] 

a. 1/32 in. > }/J J"- :/ , ' 

b. 1/16 1n. d. 1/4 in. 

The most dangerous hazard you must consider' when working with w*>d1ng circuits Is 

a. work material fall ing on'you- c burns received by hot metal . 

b. an f explos1on caused by the arc. .d. severe electrical shock. 
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» 12. Awareness of possible hazards, knowledge of ways to avoid or control dangerous 

^ j conditions and . are essential 1n any work* 

/ "~T . / 

a. safety consciousness c. type of metal "* ^ 

0 b. safety rails d. <the position used * 

SUMMARY REVIEW ' > x 

* ' ' ' 

In this study unit ^ou learned to\ident1fy« the basic* elements of electricity' 1n arc 
welding. You learned the construction and/ types of we.lds: arc welding machine accessories 
arc welding procedures, 'and welding safety practices'. • ** 

Answers to Study Unit #2 Exercises. " 



Work Unit 2-f £ » 4 

1. -,a.> , • 

2. c. 

3. a. '■ 

4. a. ^7 

5. c. „ 

6. c 



j 

V 



8.^ a. - / 



Work Unit 2-2. 





. a. 


Root 




b. 


Toe 




c. 


Face 


2. 


a . 




3. 


The region of 


4. 


a. 






b. 




6. 


d. 




7. 


c. . 


* 


8. 


a. 




9. 


d. 


.* 


10. 


c. 


11. 


b. 




12. 


d. 




13. 


-c . 




14. 


a. 


Bead 




b. 


fillet 


15. 


c . 




,16. 


d. 




17. 


a.\ 




18. 


b. 




19. 


e. 





c. groove* e, plug/slot 

d. Tack 



Work Unit 2-3. 



1. b. , . 

2. Any device that protects the welder from intense 'l ight , reflected glare, radiated 
heat, and flying particles of hot metal . 



3. c. 

4. d. 

5. c. 

6. d. 
* 7. d. 

8. c. 

9/ c. 

10. b. 



S 



) 
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* 11. a. Represents the word "eiectrodej* .J /~J ' * ? 

• v F1?st two numbers represent the tensile strengfjl of the ^deposited wCId 1n 1,000 .i 

" pounds per square inch. . « *. C 

c ' Represents the position 1n which the electrode may^e ►applied. ■ ■* , 

- % <d". Indicates one of the- seven/sutgroups (see para 2-:3ev end of paragraph .M , 

12. a. Welding machine d. Protective devices g\ ^Welding tab-les > 

b. Flexak1e>ca*rTe[s ' e. 0h1pp1ng hammers 

c. Electrode holders > «• f. Wire ^rushes 



h. ''Backup bark 
1.* Electrode 



Work Unit 2-4. 



1. 

Z. 
3. 
4. 

' 5. 
6. 
7. 
'•"8, 
' 9. 



a. 
d. 

a/* 
b. 
c- 
c. 

C. • 

a. 
c. 
d. 



1,2. 



(1) d. 
(2V k. 

(3) i. 

(4) .m. 

(5) c; 
(6> fx 

(7) <w 

(8) f. 

(9) g 
(•10) a 

(11) 1 

(12) j 

(13) e 

(14) h 

(15) b 




Work Unit .2-5, 

U b. - 

2. • b. 

3. c. 

4. . d. , * 
• "5.. b. 

6. b. 



7. c. 

8. b. 

9. d. 

10. b'. 

11. d. 

12. ..a. 



\ 
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STUDY/ UNIT 3 
G^S^ELDING PROCESSES' 



STUDY* UNIT ODJECflVE: UPON SUCCESSFUL COriPLETION OF THJS STUDY UNIT, YOU WILL 
IDENTIFY OXYACETYLENE WELDf'NG EQUIPMENT, PROCURES OF' OXYACETYLENE BRAZING, . 
WELDING AND. CUTTING OF METALS, GAS-WEkDlNG SAFETY PRECAUTIONS, ^ELDING EQUIPMFNT 
JROUBLESHOOTING, AND INERT. GAS-ARC WELDING PROCEDURES. 



*Oxacetyl erie welding 1s a gas-welding process In Which the necessary h£at Is obtained by 
burning. 7* mixture of oxygen qnd acetylene; These two gases are mixed in the desired - 
proportldns in a tort^hich can be ^ontrfclled-by the operator to provjde any required flame 
adjt/stwents. In general," the edges to$e welded by this process must be properly prepared, and 
consideration must be given to the correct: spacing and alinement of the parts, A good v/eld 
requires a proper torch tip size, correct .'flame adjustment, and skillful rod and torch 
manipulation. Under some conditions, special pVocedures are necessary, such as preheating and 
slow-cooling tchap 1, see IV) and Stress-relieving after welding. For welding some metals, a 
flux is required to remove oxides :.and slag from the molten metal and to protect the puddle from 
the action of oxygen from the airr^ For, welding light sheet metal, the edges must be prepared 
in a butt joint. No filler metal is required for light sheet metal. For welding heavy sheets 
and plates., filler metal 1s required and the edges of the seam must be prepared to permit 
penetration of the filler metal Into the root of the joint. 

Work Unit 3-1. OXYACETYLENE WELDING EQUIPMENT 

IDENTIFY TWO GAS CYLINDERS USED IN OXYACETYLENE WELDING BY COLOR CODE. 

w 

\ \ ' * • 

IDENTIFY THE PRESSURE flANGE^S ON THE TWO HIGH-PRESSURE GAUGES USED IN OXYACETYLENE 
WELDING. . • t 



The equipment used ft>r oxacetylene welding 
consists of a source of oxygen and acetylene, together 
with two regulators, two hoses, and a welding torch 
with a cutting attachment or a separate cutting torch T 
In addition^ suitable goggles are required for eye 
protection, gloves to protect the hands, and wrenches 
for the vdrious connections on the regulators, torches, 
and cylinders. 
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Figure 3-1. Acetylene cylinder 
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a. Acetylene cylinders (fig 3-1). y\cetylfcne Is a' fuel gas made of carbon and hydrogen • 
{C2H2). When burned with oxygen it produces a very hot flame of a temperature between 
5,700° and 6,300°F. f Acetylene'ls colorless, but 1t has an odor that&is easy to distinguish. 
Acetylene stored 1n a free state under pressure greater^than 15 psi efcn be made to break down 
by heat or shock, and will explode. Under a pressure of 29.4 psi, acetylene becomes self- 
explosive and the' slightest shock will set 1t off. However, when, dissolved in acetone, 1t can 
be compressed into cylinders at pressures up to N 250 psi. The acetylene cylinder shown Ifl figure 
3-2 is filled with porous^ materials, such as balsa wood; charcoal, shredded asbestos, JCfcrn 
pith, portland cement, or infusorial^earth. Infusorial earth 1s* a absorbent material composed " 
of decayed organic matter. It 1s used to decrease the size of the open spaces in the cylfffder. 
Acetone, a colofless, flammable liquid, 1s added until about 40% of the porous material isjjf 
filled. The filler acts as a sponge and absorbs the acetone, which in t(jrp> absorbs the 
acetylene. When acetylene ts used from a cylinder, It should not be drawn off at a continuous 
rate iri^yolumes greater than 50 cu' ft per hour. • Thk precaution. 1s necessary to prevent the 
drawing off of the acetond and consequent imp'airmiSnt of the quality of the weld. Acetylene 
cylinders are equipped with safety plugs having a small hole 1n the center that 1s filled with 
an alloy that melts at approximately^ 2°F. In case the cyl inders ^overheat, these plugs will 
aielt and permit the acetylene to escape before a dangerous pressure can be built up. , The holes 
are also too small to permit. a flame from burning t back into the cylinders, should the escaping 
gas become ignited. * ' < ' 



• b Industrial gas- identification . Because of the many types of industrial gases /that are 
bottled and used for Various types of operations, a rigid color* code has been established making 
it practically fmpos'slble to confuse gases and. mistake one gas cylinder for another-. Industrial 
qases have been divided into eight classes each with a basic color. Industrial gases, are always 
marked with a "basic color of ttfu; medical, blue; toxic materials, brown; refrigerants, orange; 
♦fuel, yellowrfire fighting, red; inert, gray; and oxidizing, black, except for oxygen which is 
.green, Acetylene, which is a .fuel gas, 4s always in,a cyl indekpainted yellow witlF-the name of 
the gk stenciled lengthwise -on two side? of the cylinder, in 2 inch letters. Two 3*1/2- x 2 
l/2/^in oval decals are affixed to opposite shoulders of the bottle to show the name- of the gas 
and'necessary precautions. for Its use and handling. Bottles should never be painted any color 
other than those indicated -above. If it becomes necessary to camouflage bottles, either use 
drape nets or make covers for the bottles and -then camouflage the covers. ■ 

c Oxygeg^cylinders (fig 3-2). Oxygen 1s supplied in green bottles and marked to indicate 
oxygen " Oxygen is tasteless, colorless, odorless gas that is slightly heavier than air. It is 
nonflammable, but when combined with other elements it •will support combustion. Oxygen in its 
Tree state is one of the most common elements. The atmosphere in^which you breathe is made up 
of approximately 21 parts of oxygen and 70 parts of nitrogen, the rest being rare gases. When 
•supplied for use in oxyacetylthe welding operations, oxygen is contained in a^seamless steel ^ 
cylinder (fig 3-2) which has a capacity of 220 cuft of oxygen. at a pressure of 2,000 psi at a 
temperature of 70°F'. Remember ith at anytime oxygen comes in contact with oils or greases 
' underpressure, it will ignite violently. For this reason, DO NOT lubricate any oxyacetylene 
equipment. This includes cylinders, valves, regulators, hoses, or any other apparatus. Remove 
any traces of grease from your hands whert working with oxyacetylene equipment. 
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Fig 3-2. 220-cu ft oxygen cylinder. 

d. Regulators (Vig 3-3). The gas pressure in the oxygen and acetylqpctfottles 1s too high 
for normal usage and must therefore be reduced to a pressure suitable for working. This is 
accomplished by the use of regulators*. There are two ( types of regulators, single-stage and 
*2-step. The difference 'between the two types is that the single-stage reduces the gas pressure 
in one step and the 2-step performs the same work in two stages and less adjustment is 
necessary. The one that is used most frequently and the one that you will dome into contact 
with will be the single-stage regulator (fig -3-3). The regulator mechanism consists of a 
nozzle through which the high-pressure gases pass, a valve seat to close off the nozzle, a 
diaphragm, and balance springs. Pressure gases are provided to indicate the pressure in the 
cylinder as well as the working pressures. The inlet gage is a high-pressure gage which 
records cylinder pressure. The outlet gage' is a low-pressure gage which records the working 
pressure. The acetylene regulators are of the .same type as the oxygen, but are not designed to 
withstand the high pressure as are those dsed with oxygen. In the oxygen regulator, the oxygen 
pas'ses through a glass wool filter on the high-pressure inlet side, which filters out dust and 
dirt. Turning the adjusting screw in allows, the oxygen from the high-pressure side to flow to 
the low-pressure chamber of the regulator^ through the regulator outlet to the hose. Turning 
the adjusting screw to the right increa/efcthe working pYessure, and turning 1t to the left 
decreases the working pressure. On the oxygen regulator, the high-pressure gage 1s graduated 
from 0 to 3,000 psi; on the acetylene regulator, it is graduated in cubic .feet from 0 to ™- 
This permits determining cylinder pressure and cubic content. The f gages are graduated to read 
correctly at 70°F. The workingvpressure gage is graduated in psi from 0 to 50, 0 to 200, and 
0 to 400, deitnding on the purpose for which the regulator is designed. For example, 
regulators designed for heavy cutting have gases graduated frdffl 0 to 400 psi. ? 
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« Fig 3-3. Single-stage regulator. 
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e. Welding torches (fig 3-4). The oxyacetylene wetdlng torches are used to n1x the oxygen 
and acetylene gases ln*the proper proportions and tb control the volume' of these gases at the 
welding tip. Torches have two needle valves, one for adjusting the flow of oxygen and one^&ir 
'adjusting the flow of acetylene. In addition they have a handle/ two tub.es (one each for 
oxygen and acetylene), a mixing" head, and a tip. The tubes are silver-brazed to* the head and 
the rear $nd* forglngs, wtifch 1n turn are fitted Info the handle. -Welding tips are made of 
copper and come 1n various sizes to handle a wide {range of plate thicknesses. There are two 
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B. ^qual -pressure torch 
Fig 3-4. Welding torches, 
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types of welding torches, low-pressure and equal -pressure . In low-pressure type (fig 3-4A) 
the acetylene pressure is less than 1 psi. A jet of high-pressure oxygen is necessary to f . 
produce a suction effect which draws in the required amount of acetylene. This is accomplished 
bv the desiqn of the mixer which operates -on the injector principle. The weld ng tips may or 
may not have separate injectors designed into the tip. In the medium- or equal -pressure -torch 
ffia 3-4B) the acetylene is burned, at pressures from 1 to 15 psi. These torches are made, to 
operate at equal pressures for acetylene and oxygen. They are easier to adjust and, because of 
the equaV pressures used, you are less likely to get a flashback. This means that the flame is 
less likely to catch in or in back of the mixing chamber. Welding tips and mixers are made by 
different manufacturers- and differ in design. Some makes of torches are provided with an 
individual mixing head for each tip. Others have one mixer for different size^lps. Some are 
1 -piece, hard copper tips. Others are 2-piece and include an extension tubfrto make a 
connect on between! the tip and the mixing head. Tip sizes are designat ed by numbers; each _ 
manufacturer has his own arrangement for marking them. Tip sizes differ in the diameter of the 
Sole to obtain, the correct volilme of heat for the work to be done. No matter what size tip you 
use in order to obtafn the right flame and keep it burning properly, it must be kept clean. 
Quite often these orifices (holes) become clogged. Obstructions paq be removed by the use of 
tip - cleaners (small wires of the proper diameter). Tips should not be cleaned, witk drill bits 
or hard, sharp instruments, as these tend to increase Wle size and thus reduce efficiency. 



f. Setting up a n d operatin g equipment . In setting Qp and operating oxyacetylene 
equipment;, a fire extinguisher should he available In the event of an emergency r Remember that 
you are worklhg with a gas mixture that Is highly flammable and explosive. Remove the cyWnder 
caps and open the valve on each cylinder slightly. Thl6 will "fctow out any ttirt.or obstruttlon 
that may be lodged 1n the outlet nipples. Attach the regulators to their respective cyl inders 
and tighten the unlon^nuts with the apparatus wrench. Pay partlcul^attentlpn to these 

- regulators; do-not attach an acetylene regulator to an oxygen* cyl imfF*. To prevent this, the 
jnajorfty of acetylene cJ0 Inders -,a re equipped with 6utlet valves with left-handed threads. 
Attach the red acetylene hose to the acetylene regulator; both of these attachments have left- 
harlded threads to prevent mtsnatchlng ho^es and regulators as wjsll as torch controls. Attach 
the green oxygen hose to the oxygen regulator; the threads on these attachments are right-hajided 
and tighten wtth the apparatus wrench.^ Release the regulator adjqstlng screws by turning them 

s cou/iterclockwAe until they are loosfe; Open the acetylene "tank valve to a maximum of 1 1/2 
turfts f -(l/4 to 1/2' turn 1s NOftlWLLY sufficient)* Open the oxygen tanjc valve to full open. . . 
.Never open , these valves unt1 1 jfou. have released the Regulator adjusting screws. Blow out eacli 
hose one at a time hy turning the regulator adjusting screws-clockwise. After you have done \*s 
th1s t release the'adjustlng screws. Conoect the ho$e§ to the tor<|J) f red hose to the connection 
gland 'marked AC i and green hose to the 11 gland marked OX. Here again you encounter Jeft-handed 
threads oh the Acetylene connections ar\d right-handed threads on the oxygen connections. 
Select the proper tip size and attach to the torch. "Tighten the tip moderately . To adjust the 
regulators for. the working pressures of the gases, open first the acetylene torch needle valve 
and adjust the regulator, to obtain' the correct pressure, then close the valv,e and adjust the 
oxygen working pressure in the samerftoanner. Working pressures will differ for the type of work 
beltfg performed and the tip size. 



g. Fl a me adjustment . To light the torch, open the acetylene needle valve and light the 
torch. When IM tojrcfl 1s first lit, there* is, not enough'oxygen to provide complete combustion; 
therefore, the flame 1s long and bushy apd yellowish 'in color. Before opening the oxygen, 
valve, adjust the acetylene until the pure acetylene" flame leaves the end of the tip so that 
the base of the flame is approximately 1/16" to 1/8" away from the face of the tip. At this 
adjustment the flame is stable and free from flashbacks and backfires. Open the oxygen valve 
slowly until, the flame changes to a blu1£h-wh1te color and^forms a bright inner cone surrounded 
by an outer flame envelope or sheath flame. The next step 1s to^ begin to weld. 
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Fig 3-5* Oxyacetylene flimes. 

i- 



h. Oxyacetylene welding precautions . When you are Involved in any oxyacetylene welding 
operations tnere are a few precautions you should observe to produce a sound weld. Not only 
does skill 1n controlling the motion of the flame, the„rt)d, and the molten poftl of metal 
produce a good ueld, but some of the steps listed below are necessary: 

Use a neutral flame for welding most steels. - " ' „■ ' 
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IWe the tip size and volume »f flame sufficient to reduce the metal to a molten . 
sfate and permit complete fusion of the,fl1ler rodand the base metal. 

Avoid excessive pressure of the gases as this gives a harsh flame and makes 1t 
difficult to control the melting metal. 

i 

Permit the pool of molten metal to progress evenly ^own the joint as the weld 1s 

being made, * * 

* ** 

Hold the tip of the inner cone {fig 3-5) sllghtl/above the work and do not permit 

1t to come Into contact with the welding rod, the molten pool, or the base metal.. 

Hold the flame so that the molten pool 1s protected from ^he. atmosphere by the 

outer -flame envelope (fig 3-5) ; > „ 



EXERCISE: Answer the following questions and check your responses agafrtst those listed at^the 



end of this study unit. 



v 



1. 



A method that w1l=H>roduce a weld without filler metal or pressure when light sheet 
metal 1s being welded ts % 1 - 




c". forge welding, 
"d. resistance welding. 



2. 



a. oxyacetylene welding.^ 

b. ■ t brazing, * 

The reason acetylene gas can Be^confined -1n cylinders at 250 psi without becomming 
explosive is the . . 

a. cylinders are filled with absorbent material. » 

b. acetylene 1* dissolved 1n acetone under pressure. 

c. cylinders are only' filled 40*. • * 

d. cylinders are equipped with -safety plugs. 



3. The statement -which best describes .oxygen is that 

a. it is always combined with .other gases, 
'b. it 1s ouch lighter than air.. - 

c. it supports combustion* by combining with other gases 

d. it passes a distinctive odor. 
• 

The 



htgk pressure gauge on the inlet side of the oxygen regulator 1s graduated from 
V to P s1 - 



a. * 0-1 ,000 

b. 0 - 2,500 



• • c. 0 - 3,000 

* d. 0 - 5,000 



A cylinder of gas that bares no forking except for the orange color of the cylinder 
contains a (a>i) * gas* r 



a. refrigerant 

b. fuel " 



q. oxidizing 
d. oxygen 



The high pressure gauge on* the Inlet side of the acetylene regulator 1s graduated 
♦from \ 1 



a. 0 to 220 cu. ft. 

b. 6 to 200 cu. ft. 



c. 0 to 1 ,000 -ps1. 

d. 0 to 2,000 ps1. 



The maximum number of turns that the acetylene tank valve should be open 1s 

a 1 ^ c. 2. 

b. l'l/2> . - d. full open. 



8. A welder using a 2-step regulator has the advantage of 



a. reduced total pressure. 

b. safety. 



c. less pressure adjustments* 
d- Increased working pressure. 



i 
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The best means of Identifying an oxygen hose from an ace^lene hose 1s 



a. by the left-hand threads on the bras* coupling. 

b. that 1t has the word "oxo M stamped ^an 1t. 

c. that an P dxygen hose 1s red. * 

d. that ?n oxygen hose 1s green. 

10. The color of an acetylene bottle 1s * 

*. yellow. c. green, 

b. orange. d.^gray. 

11. The color of an oxygen bottle 1s *.\ 

, a. yellow. . c. green, 

b. orange. . d. gray, 

V. 

Work Unit 3-2. OXY ACETYLENE; BRAZING 

IDENTIFY THE TWO ALLOYS USED IN BRAZING, > 

a. % Brazing with silver-based alloys . Brazing >*1th silver-based alloys (commonly known as 
silver soldering) Is Av process where bonding 1s produced by heating the metal to a suitable 
temperature *above 800°F, and using a silver alloy filler metal* that has a melting point below % 
that of the base metal. Joints designed to employ capillary attraction (the principle by which 
an Ink blotter blots up Ink) are best suited for silver soldering because of h1<jh strength 
obtained/ Because'of the low flowing temperature of the silver solder, lessheat 1s required, 
thlis offering a number of advantages. The low temperature used 1n silver soldering avoids the 
heating of ^the parts to be soldered to a point where the physical properties of .the metals w1\l 
be Impaired by distortion, warpage, loss of ductility, etc. Silver alloy filler metals can be 
u^ed ori virtually all ferrous and nonferrous metals with the exceptions of aluminum, magnesium, 
And metal? having a melting point below that of the solder Itself. Practically any met^l that 
j can J>e heatejH above l,200°F\can be satisfactorily joined., The strength of a silver-soldered 
( $ joint dep^n as on the joint f1t-up or the distance between the two metalsbelng solderpd, and 
^ the quality of the bond between the .filler nietal and the base materials. The heat regulred on 

Jtfie b^sNe metal opens the pores, so to speak, on the base metal and allows. the solder to 
'« \penetrate these pores along the surface of the two metagbs. This, causes a physical bond between 
ttoMMller and the base mtetal. It 1s this bond that produces the high strength of a soldered 
jolntS Parts that are silver-soldered should not be us#d where they are to be subjected to 
temperatures that exceed 500°F. The silver sojder bond becomes progressively weakgr as the 
temperature Increases. Silver solder can be obtained 1n grades with a silver, content ranging 
from 10% to 80% and having a melting point from ,1 ,160° to 1,600°F. It comes 1n str^p, 
wire, rod, and granulated form. The strip form 1s generally used 1o fixed setups where 'the 
solder can be placed before heat 1s applied. The rod and wire forms are mainly used Ifor joints 
where 1t 1s preferrable to apply the solder^by hand. The type *bf joint u§ed 1s' an Important 
factor, as the preparation, f1t-up, and results obtained differ from those obtained 1n \fus1on 
^welding. Silver solder should not be used as a filler material. These alloys flow 1rf, narrow 
openings, and the strongest joints result from using small clearances between joint surfaces. 
The recomnended joint clearance at soldering temperature 1s between 0.002 and 0.665 Inch. 
Basically there are two types of joints used In silver, soldering, the lap joint and th*- square 
edge butt Joint (figs 2-6 and 2-10). The lap joint 1s the most common, as 1t employs capillary 
. attraction and 1s thcf strongest. To Insure quaHty and a good sound soldered joint, 1t Is 
.Important that a clean, oxide-free (scale-free) surface be used. All oil,. grease, rust, dirt, 
and oxides must be removed from the base metal and the filler rod to Insure complete capillary 
attraction throughout the joint. Any coating over the parent (base) metal must also be 
removed, for example paint and lacquer, as well as plating materials, such as chrome J&adm1 urn, 
etc. It 1s recommended that soldering be done as soon as possible after cleaning off^the base 
metal and filler metal. $ 



-0) Fluxes. A flux 1s required when silver soldering to effect a good, strong, uniform 
- JSTrffT A good flux should accomplish a number of objectives. It should react with 
♦surface films, such as oxides/ reducing then and enabling the metal to present 
clean surfaces to the molten silver *lloy. It should form>a protective film during 
J the soldering and thereby prevent reoxldatlon at the elevated temperatures required 
for the soldering, and 1t should allow the silver alloys, to flow freely. The use 
of a flux does not avoid -the need for cleaning the parts b'efore sobering. The 
purposes of the flux 1s to supplest the Initial cleaning procedures by 
dissolving, restraining, or othejrlfle rendering Ineffective those products that 
would otherwise lessen the quality of the Joint or prevent bonding Flux comes 1n 
' a variety of forms, such as powder, paste ^11 quid, and solid coating for 

application to the silver alloy filler metal. Fluxes must be removed after 
soldering 1s completed, since trapped fluxes can weaken and corrode the joint. 

(2) Heating Joints. Since oxy*cetylene torches provide the highest flam* temperatures, 
the torch should be large- enough to allow the use of a neutral or slightly 
cart)ur1z1ng flame. The tip size depends on the thickness of the base metal. Donit 
tet the Inner cone or carburlzlng flame touch the metal, as this will cause the . 
filler metal to be sluggish at, the flow point and the flux may be burpetf. The 
torCh should be kept /In motion aTl the time, as holding 1t 1n-one pVate*too lpng 
can easily overheat the base metal and flux. If a part 1s overheated, capillary 
action 1s hindered and the parts must be recluaned and all oxides removed. Low , 
heat and cleanliness are the secrets 1n silver soldering. Qn a larae scale you 
must preheat the metal well away from the joint, especially when sblderlng metals 
. * which heat rapidly throughout. Care must be taken when soldering metals of unequal 

thicknesses or unequal Beat conductivity, because 1t 1s necessary that each reach 
the soldering teniperature at the same time. The Indication of complete bonding 
through ;the joint 1s forming a small fillet at th$ face of the joint. 

b. Brazi ng with copper-b ased alloys, A process that utilizes copper-base filler alloys, 
but employs joint designs similar to, those used 1n oxyacetylene and arc welding, 1s known as 
braze welding. The fact the brazing welds without melting the base metals greatly simplifies 
the welding procedure, and since it requires less heat, the speed 1s Increased. Consequently 
less time and less gas are required to do a given job. Because of the less heat required for 
brazing, preheating 1s easier. All that 1s needed 1s local preheating (800°-900°F). 
Naturally, expansion and contraction are greatly reduced, thus making 1t possible to repair 
broken castings and other parts in place, saving time and the expanse of dismantling and 
reassembling. Brazing 1s widely used not only for welding broken castings, but also 1n the 
rebuilding of missing or worn parts such as gear teeth, valve 4| sks ' and seats * Pistons, 
rotary valves, guides, and other sliding surfaces on pumps, engines, and machinery parts may be 
successfully repaired and rebuilt with braze welding. Braze welding should not be used where 
1t would be subjected to temperatures 1n excess of 650°F. The best filler metal for brazing 
has about 60% copper and 40% ziflp content. This ratio will produce the best combination of 
high tensile strength and ductility. The alloy possesses considerable strength when hot and 
solidifies quicker than any of the other copper-zinc combinations. This 1s an additional v 
advantage, since a quick-freezing alloy has much better weldablHty than one which remains 
mushy over a wide temperature range. Strong braze-welded joints depend on proper preparation, 
the correct technique, the strength of the filler alloy, and (jhe bonding of filler alloy and 
the base metal. Adequate preparation, wh1ch\1ncludes thorough cleaning, 1s essential. Removal 
of all oxides, paint, and plating substances from the joint surfaces 1s necessary. The metal 
on the underside as well as on the top of the joint must be bright and clean. If the parts^to 
be joined are less than 1/4 Inch thick, 1t is not necessary to "V" the edges, but 1f the base 
metal cross section is over 1/4 inch, the edges mst be beveled (cut at an angle) to about a 
90°V. The cleaning of the joint surfaces should extend back from the joint ^>out V/2 inch to 
permit easy tinning. Without timing, a satisfactory braze-welded joint 1s impossible. Once 
you have the parts properly gleaned, the next step is to aline .the parts by the. use, of clamps 
or tack welding. 'When braze-weldlng a casting, you must heat 1t along the line of the weld. 
The temperature of the welding heatt will set up strain, due to expansion and contraction, 
unless the casting is preheated. In small castings, up'to about-100 pounds, the heat from the 
torch Is'Wflcleflt to preheat the entire casting. Besides providing for the relief of 
stresses, preheating speeds up the brazing operation and requires the use of less oxygen and 
acetylene. 1 

(1) Fluxing. The use of flux 1s essential when braze-weldlng with oxyacetylene,^ It 1s 
needed for two reasons: to remove oxides that form ahead of the weldlpg zone due 
to oxygen 1n the air, and to dissolve the oxides formed 1n the brazing operations. 
Use-plenty of flux but add 1t carefully. The puddle should not be made mirror 
clear, but should be slightly clouded with oxide.- Where the welding 1s rapid, 1t 
1s best to coat thrf" entire filler rod with flux. If the operation 1s slow, as with 
heavy castings, yog can dip the hot end of the filler rod Into the flux and add to 
the puddle as required. 'J''"' 
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(2) Tinning . After you have properly prepared, cleaned, alined, fluxed, and preheated 
the parts. If necessary, you tack-weld them together. Then you heat the metal with 
a torch at the polrjt where the weld Is to start, using a slightly oxidizing flame. 
This aids In serving a better bond between the filler and base metals and assists 
In keeping a slight film of oxide over the puddle. Play thertprch, using a 
circular motion, over the part to be heated. As the base metaVgets h<Jt, test Its 
temperature with a drop of metal from the wel/dlng rod. When thejiase metal 
temperature Is right, the molten filler metal spreads evenly ov^r the surface, 
producing a tinning coat on the base metal. You can tin thd base metal only when 
conditions are right. If the ba,se metal ts too cold, the filler metal will form 
little balls like drops of water on a hot stove. Tlnnlrta Is the most Important 
■ < step In the braze-wel ding operation. The free-flowing film of alloy forms the 

Intimacy of contact necessary for the bonding of base metal and filler metal. When 
the Immediate area under the flame Is tinned, additional metal Is added as 
necessary to fill the V. Tinning must at all times continuously precede filling 
the joint. As the tinning action progresses, you continue to feed the bronze 
welding rod Into the molten pool to build the weld to the desired size. The puddle 
should be small In size, but Increase as It Is moved forward until It completely 
fills tjie V and a full-sized braze weld Is made. Good braze welding coqjblnes Into 
one continuous action and tinning and the building up of the weld. The Inner flame 
cone Is kept from 1/8 to 1/4 Inch away from the surface of the metal. \Jsu*lly the 
flame Is pointed ahead of the completed weld at about a 45° angle, with the 
- puddle under and slightly behind the flame. The proper rate of braze welding Is. 
controlled by the rate of tinning; never flow the rod faster than the tinning 4 
action. After you have finished the welding operation; you should play the torch 
over the weld and on either side of the weld for several Inches, continuing this 
until all pa^U have been brought to an even heat. The parts should be allowed to 
cool slowly <ind should be protected froin drafts and cold air. Never stress (try to 
bend or use In any way) a br^aze-wel ded Joint until It has cooled completely. 

c. Hard-surfacing. Surfacing Is a process In which a layer of special ferrous or 
nonferrous alloy Is welded to the surface of a new or used part to Increase resistance to 
Impact, corrosion, abrasion, erosion, or to obtain other properties. Surfacing Is also used to 
build up undersized or worn parts. Hard-surfacing alloys are of mar\y types, each one best 
adapted to combat the destructive forces In a given operation. No single hard-surfacing 
material Is satisfactory for use on a)T" occasions. For the purpose of simplification, these 
alloys are generally Classified Into five- broad groups: 

(1) Group 1 : Consists principally of an Iron base with less than 20% of alloying 
elements.. The alloying elements used are mainly chromium, tungsteri, manganese, 
silicon, and carbon. Although not as hard* they have greater toughness and sfiock 
than other hard-surfacing alloys. They are used to build a badly worn surface 

< before applying a better grade of hard-surfacing alloy. 

(2) Group 2 : consists of Iron-base alloys having 50% to 80* Iron and more than 201 
alloying elements, mainly chromium, tungsten, manganese, sllflcon, and carbon/ 
Small precentages of cobalt and nickel are sometimes added. ' These alloys are used 
for hard, wear-resisting surfaces. 

(3) Group 3 : Consists of nonferrous alloys of cobalt, chromium, and tungsten, as well 
as other nonferrous hard-surfacing metaU. They are available In different 
grades. All are highly reslstnat to weai, but possess a toughness and range In 
strength that permit use for 'a wide variety of purposes. They resist heat 
corrosion and erKoslon. These materials are used extensively for fabricating valve 
seats In Internal -combustion engines. 

(4) Group 4 ; Consists of alloys af so-called carbide materials or diamond substitutes 
wfiTcn are the hardest and most wear-resistant of all hard-facing materials. Some 
of these alloys contain 20% to 90* % tungsten carbide. The remainder of their <' 

^content Is cobalt* nlc^l, Iron, or similar metals. They give strength, toughness, 
Hheat resistance', and Impact strength to the tungsten carbide. 

(5) Group 5 : Consists of alloys of crushed tungsten carbides of various sizes. These 
may be fused to strips of mild or low-alloy steel embedded In hard-surfacing 
material, or they may be packed In lengths, which may be applied to the wearing 
surface as welding rod. 
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In general, the hard-surfacing alloys or materials can be applied by either the oxyacetylene or 

the electr1c-arc methods of welding. Alloys 1n groups 1 and 2 an& gelded to the base metal or 

surface. Care should be taken to avoid puddling or mixing the base metal with the 

hard-surfacing material, as this will }ower the wear-resistance properties of the surfacing 

coating. Those 1n group 3 are usually "sweated 11 to the surface, as 1n brazing, without melting — 

the 'base i^taJ. None of the base metal penetrates Into the hard-surface layer toVeduce Its 

resistance to abrasion or wear. Thejearterlals 1n groups 4 and 5 are not melted, but are bonded 

by or entoedded 1n mild or low-allo/steels, or hard-surfacing materials, which 1n turn are 

welded to the base metal. Hard-surfacing alloys are supplied with an oxyacetylene flame and 

rods of suitable design when It 1s desfred to spread the material or metal oyer the surface In 

thin layers. The el*ectr1c-arc method -1s used when the surface wear 1s severe and a somewhat > 

Irregular surface of the deposited metal 1s satisfactory. Before applying hard-surfacing 

materials, the welder should determine the conditions under which the particular piece will 

operate and the type of war expected. There may be present any one or more, of the following 

factors which will Increase wear: shock and Impact, heaj, corrosion, sliding or rolling - - - 

friction, or abrasion. In rock-crushing and similar equipment where resistance to shock and 

Impact 1s more Important and hardness only secondary, the hard-facing alloy of groups 1 and 2 

are used. In valves designed for handling gas, oil, adds, high temperatures, and high-pressure 

steam, resistance to heat, corrosion and erosion 1s provided by the group 3 alloys. Group 4 f ^ 

and 5 jlloys, being very tough'and extremely hard, are used where fl)e wearing surfaces come 

Into contact with earth, sand, gravel, as on blades of scrapers, grading equipment, rotary 

drill bits, teeth on shovel buckets, and similar appl 1cat1ons where a high resistance to 

abrasion 1s desired. ' In most cases, worn sections are rebuilt with hard-surfacing deposits 

ranglng.from 1/16 to 1/4 tn. thick, depending on the specific application. Where 1t 1s 

necessary to rebuild the parts 1ti excess of 1/4 1n., the parts are built-up with group 1 type 

alloys to form 1/16 to 1/4 1n. of the finished size. The final fjard-surface deposit, « / 

consisting of groups 2 and 3, 1s added with some excess to permit grinding to the final desired , \r , 

dimensions* When th^lharder and more brittle groups 4 and 5 are applied, either as a final \ , 

hard facing, or a single layer, the shape of the deposit should be carefully controlled. This 

Is Important 1n, order that the shock or impact loads may be transmitted through the 

hard- surfacing metal Into the tougher base metal . Corners, sharp ed^es, or built-up sections, 

when not backed up by tough base metal , will chip or break off 1n service. 

EXERCISE: Answer the following questions and check your responses against thos;e listed at the 
end of this study unit, 

1; The most common joint used 1n silver soldering *1s* joint. 

a. ' lap 1 c. s1ngle-J < 

b. single-^ d.* single-bevel tee 

2. The recommended jofyit clearance at soldering temperature 1s between 

a. 0.002 and 0.005 1n. c. 0.005 and' 0.008 1n. 

b. 0.02 and d.05 in. d> 0.008 and 0.0T2 1n. 

3.. l^hen brazing a cast-Iron part, the base metal 1s at welding temperature when , 

a. the part appears yellow/ 

b. a tinning coat 1s produced. 

c. the flux appears >1ke water on a greasy surface. 

d. the has* becomes soft. 

i 

" 4. To obtain high resistance to abrasion, you would hard-surface the teeth 1n a power 

shovel bucket with group , hard-surfacing materials. * 

a. 1 c. 3 

b. 2 d, 4 ^ . , 
5. The two alloys used In brazing ^re based alloys. 



a. lead and copper c. aluminum and lead 

b. copper and stiver d. magrfeslum and silver 
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Work Unit 3-3. . OXYACETYLENE WELDIMG 



DESCRIBE THE TWO ELDING TECHNIQUES. - * 

a. Welding technjques , OxyJcetylene welding may be accomplished by either of*, two 
techniques, forehand or backhand. Each has special advantages and the one used depends on the 
position of the rod and torch during welding, not the direction. of welding. As far as. 
direction Is concerned, you can Weld from left to right or from right to. left. The best methbd 
to use depends on the. type of joint, its position, and the necessity for controlling the heat 
on the parts to be welded, 

(1) Forehand (fig 3-6). This is the oldest 

metnoa of welding, and the one tised most. r ' 

In forehand welding, the rod Is kept * ' 

ahead of the tip 1n the direction 1n 
which the weld 1s being made* Pointthe 
flame 1n the direction of the welding 
and hold the tip at an ajigle of about 
60° to the plates* The position of •» 
the flame' preheats the edges just ahead 
of the molten puddle. By moving the. tip 
and the welding rod back and forth tty 
% - opposite, semicircle paths, you balance- 
the' heat to melt the end of the rod and 
The sldewalls of the joint Into a - 
ur\1 formly* distributed molten puddle. As 
the flame ^passes the rod, 1t*ielts a 
short length and adds 1t to the puddle. 
The motion of the torch distributes t£e 
molten metal to both edges of the Joint 
and to the j>uddle. This metfcod -1s used 
1n all positions for welding sheets and 
plates up to 1/8 Inch thick, -because 1t 
permits better control 9f a small puddle 
which 1n turn results In a smoother weld. 




Fig 3-6. Forehand welding. 



/ 



(2) Backhand (fig 3-7). In this method the 
torch tip precedes the rod 1n the 
direction of' welding, and the flame 1s 
pointed back at the molten puddle and 
the rod. The end of the rod 1s placed 
between the torch tip and the molten 
puddle, and the welding tip should make 
an angle of about 60° with the plates 
of joint being welded. Less motion 1s 
required with the torch and tip than 1t 
1s 1n the forehand method. If you use a 
straight welding rod, rotate 1t so th&t 
the end will roll from side to side and 
melt evenly. You may also bend the rod 
and, when welding, move the rod and 
torch back and forth at a rather rapid 
rate. To mafte a large weld, you should 
move the rod so as to complete circles 
1rt* the molten puddle. Move the torch 
back and forth across the weld while" 
advancing 1t slowly and uniformly 1n the 
direction of the welding. You will find 
the backhand method easier for gelding 

material thicker than 1/8 Inch, You can use a Narrower V at the joint than 1s 
possible in forehand welding. It doesn't take as much welding rod or puddling,, 
and it. is possible to increase welding speeds and obtain betWr cbntrol and more 
complete fusion at the root of the weld by the use of the backhand method on 
heavier materials. 




Fig 3-7._ Backhand weirnng 



# 



fill 



b. Welding ferrous metals . Low-carbon steel, low-alloy steel, cast ste£1, and wrought 
iron are easily welded with the oxacetyiene flame* A flux 1s not necessary with these metals, 
but It Is essential that the molten puddle of weld metal be enclosed at all times by the 
envelope of flame during the welding process. If the molten metal 1s allowed to contact the 
air, it will oxidize rapidly. Excessive heat should be avoided, as too large a flame 
overheats the metal, and causes 1t to spark and burn. Either th,e forehand or backhand welding 
technique may be used. The torch flame should be neutral or slightly reduced; do not use a£ 
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ox1d1k1ng flame. Manipulate the torch and rod so that the tip of the oxyacetylene cone is 
about 1/16 to 1/8 In. from, the surface of the metal, Melt. the end of the filler rod 1n the 
puddle, not with the flame* The welding pf low-carbon steels and cast steels poses no 
problems other than the selectldn of the rod. Low-alloy steels usually require preweldlng and 
postweldlng heat-treatment to relieve stresses developed during welding and to produce the 
required physical properties. As the carton content Increases, welding becomes more 
difficult. ,stee*s£hav1ng a carbon content within the range of 0.30% to 0.501 are welded wtth 
a slightly reducing flame and require pOstweldlng heat treatment to develop the best physical 
properties. Otherwise, the technique 1s the same as for welding mild steel. High-carbon and 
tool steel require a slightly different technique. Slow preheating with the part protected 
from ctfol drafts to about l',000°F is necessary. No flux 1s needed, bat the weld should be 
completed as soon as possible with a jcarburlzlag flame. Filler metal should be added a drop 
at a t1me*just where it 1s needed. To avoid overheatjng, use a smaller flaifie and lower gas 
pressure than that used for mild-steel. High-carbon steels must be heat-treated after welding 
to develop the physical properties required. The procedure for welding wrought Iron 1s the 
same as that for low-carbon steels,^ but several points should be^ kept 1n mind. Wrought Iron, 
as you nay recall, contains an iron silicate slag Incorporated duripg its manufacture. This 
slag will give the surface of the molten puddle a greasy appearance, so do not confuse this 
appearance with actual fusion, but continue to dpply heat until the sldewalls of the weld 
joint break down Into the puddle. Best results can be obtained when the filler metal (usually 
mild steel) and base metal are mixed Iff the molten puddle with a minimum of agitation. 
Usually a single V-joint with a.60° to 80° groove angle and a l/16-%ch root opening 1s^ 
suitable for metal thicknesses^ requiring 'an edge preparation. 

c. Welding nonferrous metal . While brazing and braze welding are usel more extensively * 
than oxyacetylene welding to make joint* 1n nonferro^j metals, the fusion process 1s 
frequently applied. In general, the joint designs foi\Veld1ng nonferrous metals are the same v 
as those used for welding steel. Adequate cleaning of J the weld t>arts, the ise of flux ami J 
filler metal are necessary* but with an oxidizing flarte none 1s required as the V<isl£ Jfarmed 
on the surface will protect the molten metal. Because of the high thermal condTCtiyny of 
,copper, preheating to 500° to 800°F Is necessary to bring the joint up to welding 
temperature. For the same reason, use a torch tip one or 4 two sizes larger than that used for 
welding steel'of the same thickness. After welding Uncompleted, cool the part sloWly. 
Copper-zinc alloys (brasses) are Welded with the. same technique except that a slTlcon copper 
rod 1s used. A 200° to 300°F preheat is satisfactory for brass. A slightly different 
technique is used for copper-s1l Icon alloy than that used for capper and copper-zinc. Using a 
flux containing a high boric acid content and a slightly oxidizing flame, maintain a sriall 
molten pool of metal and add filler metal having the same composition- as the base metal* As 
the welding progresses, dip the rod beneath the fWm covering the puddle. A small puddle 1s 
desirable to permit the weld to solidify rapidly. To weld the copper-nickel alleys, use a rod 
having a. composition the same as the ba^e-metal and a flux designed for monel.. With a brush, . 
apply the flux in the form of a thin paste to all parts of the joint and to the rod. Use a 
slightly reducing flame adjustment, with the tip of the inner coQe just touching the base. 
*al. Keep the end of the rod within the envelope of the flame, adding to the morten pool 
fthout agitating the pool. Limit the welding of the base metal to no bore than is necessary 
\p Insurt* a good fusion. Run the weld the complete length of the joint without stopping. / 
Aror^fhe weld is completed, cool 1t slowly afcid then remove the remaining traces of the flux - 
wUh warn water. For the welding of nickel or h1gh-n1ckel allows, a good cleaning of the weld 
jffnt 1s essential. Straight nickel 1s welded without a flux, but h1gh-n1ckel alloy requires 
a special boron- and borax-free flux applied as a thin paste with a-iSmall brush. Both sides 
.of, the seam, top and bottom, and the welding rod havfe to be coated with the .flux paste. Make 
the weld with a, very slight redudng flaiae, keeping the flame soft, and uilng a tip about one 
size larger than that used for steel of the same thickness. Reep the tip of the corte 1n 
contact with the molten pool and the welding rod within the protective flame at all times. 
After the weld 1s completed, postheat the part, and allow 1t to cool slowly; then remove the 
flux with warm water. Sucessful welding of these, or for that matter any metals, requires a 
great deal of skill that can only com^ from practice. 

EXERCISE: Answer the following questions and check your responses against those listed at 
the erid of this study unit, / 

1. In welding with the forehand or the backhand method, the angle between the torch 
tip and the work piece should be approximately 

a. 15°. c. 60°. 

b. 30°. * d. 90°. 



r 
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2. In welding low carborf steel the torch should be adjusted 

a. Jo use equal volumes of acetylene and oxygen. ^ 

b. , to a slightly oxidizing flame. - * 

c. until the flame makes | slight rushing sound. 
* d. to a neutral or slights reducing flame. 

3. The tip size for welding non-ferrous metals .should be larger- thap 
i requlred^j/or welding steel of ts^e same size. , 



a* 1 -f?\izes^ c. 4 sizes 

* b. 3 te"^- d. ' 5 sizes 

4 4. Describe the forehand technique of welding. 



5 



5. Describe the backhand technique of welding. ' 



Work Unit 3-4. CUTTING METALS WITH OXACETYLENE i 
IDENTIFY THE PROCEDURES FOR CUTTING METAL' WITH OXACETYLENE. 
IDENTIFY THE FOUR TECHNIQUES USED IN CUTTING METAL. 
IDENTIFY TWO GAS- WELDING SAFETY PRACTICES. 



J 
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a. It may be hard at first to + realize that you can use thf 
welding and cutting, one being the* exact opposlteof the othe 



xy^cet^lepe process for both 
Bur the&pr1nciple that ' 



enables you to cut t|rough Inches of tough steel in. a short/rime Is notjtQo hard to 
The principle is that^tqel, when preheated 



understand- The principle is that $t$gl, when preheated *b thi kindling temperature range t 
(l f 400° to 1,600°F), burns .very rapidly In an atmosphere i>f pure oxygen. )*o when a Jet of 
pure oxygen 1s directed on red-hot steel ; a chemical reaction takes place. This reiction 
forms Iron oxljde and gives ofT a lot of heat. #Th1s heat 1s sufficient to melt the" iron oxide 
and some free iron which runs off as molten sT^jr^exposing morejron to the jet. It might be 
said that the burning or oxidizing process 1s an extremely r^pld rusting, the rust being 
formed under heat* Only the metal that 1s in direct path of the oxygen jet 1s* affected. When 
the steel Is cut, a narrow slit known as a kerf is found. The steel or Iron that 1s removed ' 
from the kerf 1s only'about 60% to 70% oxidized by the oxvgen; the remainder is blown out the 
opposite side as metallic Iron. The walls of the kerf that are formed by this cutting action 
are fairly smooth and parallel to each other. Under skilled workmanshlP/anA controlled 
torches, very accurateHfuts can be made, and the cutting torch become* >an Indispensable tool 
In, the shop. " 0~ 

(1) Cutting, equipment . In general , the oxyacetylene cutting* equipment is the same as 
the oxyacetylene welding equipment, with the exception of the torch. The cutting ' 
torch mixes oxygen and acetylene Indefinite proportions, burning the mixture In ^ 
preheating flames, which are allowed to heat the work, And directing a jet of pure 
oxygen at high pressures to d^yer the metal along the TTmTof the cut. The • t 
cutting tVrch jflg .3-8A) consisWof a handle, connecting tubes, and a head. They 
handle ta\qu1pped with the oxyger-arid acetylene hose connections at ft* rear $L 
end. A needle valve txt the acetyfenei Inlet connection controls the spply* The ^ 
oxygen furnished to the preheating flames Is regulated by a preheat valve on Ihe ♦ , 
side of the handfe. A high-pressure oxygen valve, with Its spring and seat 
operated by a trigger or lever, controls the cutting oxygen. The preheating, 
jcetylene and o*yaeh.are mixed In the head of the cutting torch. There Is *1so* a* 
cutting attachment which fits the head of the standard Welding torch (3-8B). This 
attachment ts very useful *for Intermittent cutting and welding of lighter 
sections. With this type of attachment, the preheating gases arcunlxed 1n the 
torch head and are controlled by the oxygen acetylene needle valves.- The . 
high-pressure cutting oxygen Is control led, by the oxygen vajlve lever located on 
the cutting attachment. The use of this attachment Is nowrecommended for 
sustained heavy cutting operations. Such work should be done with heavy-duty 
cutting torches* * 1 ' • 
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c B. Cutting attachment for welding torch. 



F1g 3-8. Cutting torch and attachment 



notice that the 
of orifices as 



Whether you use a cutting torch or Cutting attachment, ^rou will no 
-'tips are made the s^ame-way. The*cutt1ng tip 1s made with a number 
shown 1o figure 3-9, The jet of oxygen that actually does the cutting. 1s emitted 
from th* center hole* and the smaller holes surrounding the center hole'are for 
oxyacetjfiene preheat flames". Jhe tip size Is usually marked so that the larger 
the number 1s,- the bigger the "lip Is. The taper-sealed, separable cutting tip 1s 
held Vn the cutting torch head by the t1p»nut. Cutting tips are supplied 1n 
various length 'and shapes as "well as sizes. Bent tips are used under various 
conditions such as gouging , scarfing, rivet cuttin g, and flame machining. 



f 




When 



F1 0/ 3-9. Cutting tip construction. • 

V ' • 
using the cutting torch, don-Jt hold the tip too close to the metal when starting a 
cut, a* the blowing action of the oxygen !blast tends to bounce the mojte'n metal 
and slag from the cutback tp the torch tip.. When this happens, the. tip holes must 
be cleaned with the proper-size tip cleaners/ Don't Improvise. Use the 
proper-size tip cleaner and push It Into the dogged orifices; don't rotate 1t. 
If the end of the tip becomes rough and pitted andlthe holes become oversize 
(bellmoythed), you can recondition It by placing a piece of emery cloth, grit side 
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up, on * flat surface, and holding the tip perpendicular to the emery cloth, 
rubbing It back and forth just enough to true the*surface and bring the orifices 
back to the original diameter. After cleaning the tip, test it. If *the flames 
are short, the gas passages are partially blocked and 1f the preheating flames 
snap out when the valves are shut, the holes are still bellmouthed and the surfaee 
needs more work. If the tip seat 1s dirty and scaly, heat it to a dull red and 
quench 1n water. This loosens the scale^enough so that 1t can be removed easily 
with a cloth. Tip style and size are governed by the operation being performed 
and thickness. of the material being cut.- Cutt1ng-t1p numbers, gas pressurec, and . 
hand-cutt1f\g speeds used for cutting mild steel up 'to 12 Inches thlcjc ire shown 1n 
figure '3-10. x v ^ 



-Plate Oxygen Hand-cutting 

thickness * . Cutting tip (1) pressure Acetylene spead 

(1n.) (size number) (ps1) (ps1) ' , (In. per m1n) 



1/4 . 0 > 30 3 >16 to 18 

3/3 1 30 3 14.5 to 16.5 

1/2 1 40 n 3 12 to 14.5 

3/4 2 • 40 3 12- to 14.5 

1 2 ' 50 3 8.5 to 11.5 
11/2 3 , 4* ' - 3 * 6.0 to 7.5 

2 4 50 - 3 5.5 to 7.0 

V . 

3 5 45 4 5.0 to 6.5 
4- 5 60 L .4 v 4.0 to 5.0 

5 6 50 \ • '5 3.5 to 4.5 

6 6--. 55 \ 5 3.0 to 4.0 
8 7 X 60 6 2.5 to 3.5 

' 10 . 7 70 6 2.0 to 3.0 

12 8 4| 70 6 . 2.0 

. '•. * : ! 5 * 

(1) Various manufacturers\do not adhere to the numbering of tips as set forth 1n this table; 
therefore, some tips njay carry different Identification numbers ^ 

r . —#-7 y ' ^ ; — ~ 

x ■ '■ F>g 3-1 Q. Oxyacetylene cutting Information - . - ^ 

(2) Operating cutting equipment . Attach the proper^tlp to your cuttlngj torch for the 
. v thickness of the metal . to be cut and adjust the oxygen and acetylene pressures. 

For cutting medlfon steels, adjust the preheat^f lames to neutral. Hold the torch 
perpendicular to the work, With the 1nne]h corfes about 1/16 1n above the end of the 
v line to be cut* Hold the torch 1n fh1s \os1t1on until the spot beneath it has 
been raised to bright red heat; then bperil the oxygen valve slowly but steadily. 
If the cut has been started properly, yoq should see a shov#r of sparks fall from 
the opposite s1d#bf the work; Indicating the cut*1s*go1ng through the mptal. 
*Move your torch forwaN along the line f asx^enough- for the cut to continue to 
completely, penetrate the work. If you have fftade the cut properly you will get a 
clean, narrow keH %ich looks 1 i^ce one you might get by sawing. You w1lT have to 
move the torch along at just the right speed, not too fast and not too slow. If 
your cutting speed 1s too slow, the preheat flaite will melt the edges and*iay weld 
them back together. If you go too fkst, the oxygen will not penetrate completely 
through the metal and you will h*ve* r xo stop and go back and start the procedure 
over again. • Try to make a smooth cut. Anyone .who can Vlght tha torch can cut / 
steel .after a fashion, but 1t takes a sharp metalworker to get a. smooth cut. If * 
i it isn't perfect, chfcck the following points: 

Preheating flames . The cut will apfc^ar^gouged at the bottom 1f the flames are 
i#o short? If the flames are too Xon^-ifcf top of the cut will be fused 
Jfog. 

4 C 



together. . * \ 



r 0xy^n pressure . Too low an oxygen pressure will. melt the top edges. If the 
pressure is too high, the cut wllPbe rough and Irregular # # 



\ 
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* too slow cutting speed will leave Irregular drag lines 
FF7>n a cut edge). If cutting speed 1s too fast,* the drag, lines will 
be rough and form sweeping. curves. , 



Cutting sp eed, 
(marks left 



A good cut shows smooth, vertical , uniform marks which are continuous f*om top to 
bottom. If you have to, start a cut from * portion of the metal otner than the 
.edge, preheat the spot to a bright red, tilt the torch at an angle of 45° from 
the perpendicular and slowly />pen the high-pressure valve and as the torch starts 
to cut, start righting 1t~back to a perpendicular position until 1t is 1n a 9Q° 
position. Move It forwaN an0 continue to make your cut. This eliminates the 
possibilities of blowing" the slag back on your cutting tip and clogging the Aoles. 
^ ■ w 

(a) Cutting bevels (f1g~Ig}l). You will frequently have to cut bevels to form 
joints for welding. To make "a bevel cut of 45° in 1 -Inch steel, the flame 
must actually cut through 1.4 1n of metal. Consider {hit when you are 
selecting the tip and adjusting the valves. You will have to use more 
. pressure and less speed for a bevel cut than you would with a straight cut. 
Adjust the tip so that the preheating orifices .are lined up for efficient 
preheating. A piece of l-1nch angle Iron, clamped with the ang}e up, makes an 
excellent guide for beveling straight edges. Pull the torch along this guide 
as shown 1n figure 3-11. 




Cutting bevel s- 



(b) Pipe cutting (fig 3-1^). When you are going to cut a section of pipe, keep 
the torch pointed toward the centerllne of the pipe. Start the cut at the top 
and cut down one side. Then begin at the top and cut down'the other side, 
finishing at the bottom as^shown 1n figure 3^12. Pipe cutting with a torch 
Requires a steady hand to get a 4 good bevel, one that 1s smooth and true. 
Don't try to cut and bevel a heavy section of, pipe 1n one tulp. Cut the tip 
off square and then bevel 1t. This makes a cleaner and neater job. Check the 
allnement of your torch tip preheating orlfltees before you start your 

V , cutting. Arrange these orifices 1n Une wltVyour cut. 



/ 
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KEfP TORCH FlAHf 
CON! INUOUSLY POINTED 
AT CENTER Of Pint 



^ ARROWS RtPRfSCNT 
TORCH TIP 



Fig 3-12. Cutting pipe with ojcyacetylen% 



r 



(c) Piercing holes (fig 3-13). Your cutting torch 1s also a valuable tool for 
piercing holes 1n steel plate*' Support the plates on firebricks or other 
means so that tt)e flame will not hit ar\yth1ng else when-1t burns through/ 
Hold the torch over the nole location with the tips of the Inner conePof 
preheating flames about 1/4 1n above the surface of the plate. Continue to^ 
hold the torch untlj a small round spot has been heated to a cherry* red. Open 
the high-pressure oxygen valve gradually and at the same ^1me slightly raise 
the nozzle away froia the work to keep from blowing slag back Into the cutting 
tip. As you start raising your torch and opening the oxygen valve, start 
rotating the torch with j spiral motion. This will cause the molten slag to 
- be blown out df the hote. The hot slag may fly around so avoid purtlng your 
head directly over the cut. If you desire larger holes, outline the area 1n 
chalk and, using the above procedure, follow the chalk lines that have been 
drawn on "the plate. ] % *» 




F1g 3^13. Piercing holes with cutting torch 
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(d)t Rivet cutting* When you have a JotT^of removing rivets, you will find tha\ the 
Cutting torch is another fast, expedient tool. Just use the preheating flames 
to bring the head A of the rivet up to the proper temperature , then .turn on the 
oxygeh and wash the rivet hejid off. The remaining portion can then^be punched 
out wlth a light hammer blow. The' step-by-step procedure of removing rivets 
-follows: 

■t ■ » 
Use the tip slze'ajid pressures that'you would use foryl-tnch steel. 

Heat a spot on the rivet head until 1t 1s brjght redl s 

Hove the tip to a position parallel .with the surface of the plate and turn 
on the oxygen slowly, / 

Cut a slot 1n the rivet head like the* screwdriver slot 1^ \ screw. 

When the cut nearsthe piate^ draw the tip back at least 1 1/2 laches. * 
This 1s Important. , ■• 

When the slot 1s cut througl^to the plate, swing the tip through a smalt ' 
arc. This slices off half th> rivet, , . • .. ... 

Then swing the tip 1n an arc in the other direction'; this slices off the 
Other half of the head. / 

'■ - v % 

After tta* slot 1s cut, you Won't have to worry aboiit preheating the re$t of I 
the r1v«Thead to cutting temperature. Just before you get through the slot 
to the surface of the plate, draw' your forch tip back 1 1/2 1nche? to allow . 
the cutting oxygen to scatter slightly. This keeps. the torch from breaking 
through the layer of scale that 1s always presenW^tween the rivet and the 
plate. It allows the rivet to be removed nlthout damaging, the surface of the 
plate. If you don't draw the tip away, you may cuCthrough this scale and cut 
Into the plate. 



PREHEAT, 



PREHEAT I NG 
FLAMES' 





OXYGEN 



rWLF OF HEAD SLICED OFF 



CUT SLOT IN HEAL 
AS TIP IS DRAWN 
1 1/2 INCHES 
AWAY 



CUTTING OXYGEN 




CUTTING OXYGEN 




REMAINDER OF HEAD 
REMOVED 



F1g 3-14. Removing rivet. 
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(3) Cutting ferrous metals . . {.ow-carbo* . steels, (less than ,0,35% tarbon) are easily cut 
by the oxyacetylene procedure, They oxidize readlly'at the. flame-cutting 
temperature and the oxide or slag formed during the cutting procedure melts at a 
temperature well below that of the metal Itself. When 'the composition of the 
metal 1s such that 'the melting point of the ox1de~1s as high or higher than that 
'of the metal , the ease with which the metal can be cut decreases. The cut-ab1l1ty 
of a ferrous metal decreases- when the carbon . present exceeds 0.35% or when 
allowing elements such as chromium, n c 1cke1, manganese, tungsten, vanadium, and 
molybdenum are Included In the alloy. When metals of this type are tOrbe cut, the 
standard procedure must bd varied. As the cut-ability of a ferrous alloy 
decreases, -1t 1s necessary io use one or more of these techniques: additional 
preheat, a different flame adjustment, an oscillating torch manipulation or a , 
/ special flux. For most f%me-cutt1ng operations, the oxyacetylene preheat flames 
are adjusted to a neutral % erne adjustment. However, when cast Iron 1s cut, a 
highly carburlzlng flame adjustment 1s necessary. The excess .feather should be 
equal 1n length to the thickness of the cast Iron. The excess acetylene helps to 
•preheat the cast Iron by Igniting when 1t combines with the- cutting oxygen 1n the 
kerf. Torch manipulation" Is an Important part of the flame -cutting operation. 
For most applications, the torch Is moved along the line of cut wJth a steady 
forward movement as. shown 1n figure 3-15A. WJth metals like cast Iron or 
stainless steel, the torch must be oscillated to work the oxide out of the kerf. 
' In figure 3-15B the torch mdVement, shown Is recommended for light cast sections. 
The one at C 1s used for "heavy cast-Iron sections and the one at D 1s a forward 
and backward movement to flame-cut stainless steel. Frequently* 1t 1s necessary to 
either -preheal^r postheat flame-cut metal. For higher than 0.35% carbon and 
alloy steeT, you will have to take precautions to prevent the formation of a hard 
layer at the edges of the plates. This '1s more likely to -be true when you are 
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-cutting so-c*M«d alr-hardentng « teels T -s4nce-a thin layer of metal at the cut 
edge 1s heated to a 'b 1 gh temperature and rapidly 'quenched by the adjacent plat 
and the surrounding *ir. *Th1s hardens the edges of the metals-,. making' them le 
ductile and more difficult to machine. Their lower ductility may even- cause 
.cracking <under load.. To avoid forming this hard layer around the edges, you 
should preheat the edges ahead of the cut, Preheatlrig temperatures of from 500° 
to 600°F are sufficient to lower the rate of qufench and should be used when 
'cutting h1gh».carbon.and high-alloy steels. Cast Iron Is more difficult to cut 
than steel beqause 1t" melts at a' lower temperature than do Its oxides. When cast 
Iron- melts, Its oxides mix with 1t. This means that cast Iron must be preheated 
to a much higher temperature than steely and 1t also means that you will have to 
use an oxygen pressure of from 25% to 100% greater than you would for steel of the 
same thickness. 



REGULAR FORWARO MOVEMENT 




GENERAL DIRECTION 



A SHORT FORWARD INCREMENT FOLLOWED fcy A 
RELATIVELY SHORTER REVERSE OR BACKWARD 
MOVEMENT 



Fig 3-15. Torch manipulation, 
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Start the cut with your torch tip forming an angle of 75° and 80° with the 
surface of th« casting. As your cut progresses, gradually right #ie torch tip to 
an angle ef $0° to avoid losing the cut. Move the torch forward just fast 
enough to sweep the edge of the cut. . If you advance too deeply, progress of the 
cut will cease and black spots will develop under the cutting jet. From ^the 
beginning of the cut until 1t 1s finished, hold your torch tfp 1 1/2 to 2 inches 
form the surface of the cast Iron. Move the'tlp 1/2 to 3/4 Inch 1n a semicircular 
weaving motion, as required, to clear the cut 1n heavy sections. Lighter sections 
won't require such wide movement to keep qlear. The procedure for cutting cast' 
Iron' can be further simplified by adding a mild steel rod to the kerf as cutting 
progresses: Assuming the tip size and the oxygen and acetylene working pressures 
for the thickness of materia* to be flame-cut have been properly selected from the 
manufacturer's charts, the following Information will help you to determine 
whether the flame-cutting operation was properly performed. To produce a good cut 
with a square upper edge, the cutting torch must be held so that the Inner cones 
of the preheat flames are about 1/16 Inch from, and at right angles to, the 
surface of the metal . If the distance between the end of the preheat; cones and 
the metal surface 1s greater that 1/16 Inch, the metal will not be sufficiently 
preheated and the cut-in be lost. If the preheat flames are too close, 
excessive preheat results and the upper edges will be rounded or fused together. 
The distance b^tween.Me preheat flames and the surface of the metal determines, 
to a large extent, the appearance of cut. Another Influencing factor 1s the speed 
of travel along tbe line of cut. If the cutting speed Is ^too slow, drag lines or 
ridges of the cut will be straight up and down and the top edge may be rounded. 
I* the speed of travel 1s too fast, there will be too much drag and the cut may be 
lost, Good cuts result when the position of the prelleat flames and the speed of 
trav el 1 s° such tha t oxld atf on_takes place clear through the metal • Look down at 
the kerf while the cut progresses an^Uh5erve-therdrag-+ine^ or— the-amount-by - 
which the cut curves backwards. Vary your soeed accordingly. An Important and 
often bverlooked factor 1n flame cutting 1s*the.al1nement of the. torch tip 
■reheating holes. When 90° cuts are made, these holes aye alined as shown in , 
figure 3-16. This Illustration also compares good and bad cutting techniques. 
Check yours, and compare yourresult with the good cuts 1n the -11 lustration. 
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EXCESSIVE PREHEAT 
ROUTCED TOP EDGES 



P1g 3-16. Signs of correct and Incorrect cutting procedures, 

4 

b. . Gas- welding safety practices . Whether you are welding, torch brazing, flame cutting, 
or heating with oxy acetylene equipment, certain precautions must be observed to" protect 
personnel and equipment. 

(1) 011 a nd grease . Avoid the use of\any lubricants in any, form (oil or/^rease) on 
- oxyacetyfene equipment. Oil or gtaase In the presence of oxygen; unSer pressure 
will Ignite violently. Consequently, you must not let oil or grease come Into 
contact with oxygen in any way white you handle cylinders, valves, regulators, 
hoses, or any other apparatus whlchuises oxygen under pressure. Do not. permit a , 
, Jet of oxygen to strike an oily surface or clothing. 011 or grease In contact 

with hose will deteriorate the rubber and lead" to leaks. tt 
• • - - \ 

• (2) Lighting torches . Use friction lighters, stationary pilot flames, or some other 
N sources of suitable Ignition. Avoid the use of .matches, cigarette 1 Ighters, etc., 
as 4 serious hand burn may result. Do\not lldht a torch on hotTnetal, especially 
In a clpsed confined space. When lighting the torch, open the acetylene valve 
first, and Ignite the gas with the oxygen valve closed. Do not alloy unburned 
acetylene to escape Into a small or closed working area. 

* ' n \ » 

(3) Cylinders. Never use acetylene from cylinders without first reducing the pressure 
through a suitable pressure-reducing regulator. Acetylene working pressures In t 
« excess of 15 psl must be avoided. Oxygenlcyl Inder pressure mu$t,be likewise 
reduced to a suitable working pressure.* l\lgh pressure may burst the hose. 




3-^1 



125 ' 



■ -ftA^,.™ — ^-: r . 



(4) Work space . Do not weld or cut material without first making certain that hot 
spark; or hot metal will not fa^lon the legs or feet of the operator, on the 
hoses* cylinders/ or any flammable material lying around. When starting to work, 
always have a fire extinguisher within easy reach. 

(5) Flashback and backfire . Unless the system Is thoroughly purged of air and Its 
connections are tight before the torch Is Ignited, the flame Is likely to bucn 
Inside the torch Instead of outside the tip. The difference between the two terms 
backfire and flashback Is this: In a backfire, there Is a njpmentary burning back 
of the flame Into the torch tip; tp a flashback, the flame burns 1n 6r beyond the 
mixing chamber of the torch. A backfire Is characterized by a loud snap^r pop as 
the flame goes out. A flashback on the other hand Is usually accompanied by a 

* ^ hissing or squealing sound and, at^the same time, the flame atfthe tip becomes 

smoky and sharp-pplnted. When a flashback occurs, Immediately shut off the 
acetylene valve. The occurence of the flashback Indicates that something Is 
1 radically wrong with the system. A backfire Is les# serious, and usually, the 
flame can be relighted without difficulty* Hf backfiring continues whenever the 
torcjt Is relighted, check for these causes: "overheated tip,, gas working pressure 
greater than that recommended, loose tip; or dirt on the torch-tip seat. * These 
difficulties may be the cause of a flashback, except that they may be present to a 
greater degree. For example, the torch head may be cracked or distorted. In most 
cases, these malfunctions result from carelessness. They can be avoided by making 
certain thdt all connection? In the system are tight and clean, torch valves are 
closed (not open or merely loosely closed) v»hen the equipment Is stowed, oxygen or 
acetylene working pressures used are those recommended for the torch employed, 
and the system Is purged of air before Ose. Purging the system of air Is 
especially necessary when new hoses' and jtorch are used or when a new Uottle of gas 

has been connected to the system. v 

* - • A — --- - « ~" * ^ r . ■ . x 

(6) General precautions * Do not allow unauthorized presonnel t6 useoxyacetylene 
welding or cutting equipment. Do not conduct welding operations In buildings or 

• structures that have wooden decks unless they are protected by sand, asbestos 
' paper i or other fireproof material. Do not experiment with torches or regulators 
In any way. Do not use oxygen regulators with acetylene cylinders. Always use 
the proper tip or nozzle and always operate It at the proper pressure. Make 
certain that the torch Is not burning when not In use and nevtfr hang the torch 
with Its hoses on the regulators or cylinder valves. Keep a clear space between 
the cylinders and the work so that^the valves can.be reached In an emergency. Use 
cylinders In the order that they wer$ received, and mark empty cylinders as such. 
Do not paint cylinders any color other than the original. Do not store oxygen 
cylinders with acetylene cylinder^, and alwayj store them In an upright position. 
Never test a cylinder for leaks with an open flame; use a solution of soapy 
water. Always protect the hose from hot slag and cuttings and from being tramped 
on or from being ruri over by vehicles. Never force hose connections that do not 
fit.. Do not use white lead, oil, grease, or other pipe-fitting compounds for 
connections on hoses, torch, or other fittings. Never crimp a hose to shut off 
the gas flow. Do not tape hoses together. Periodically, examine all hoses for 
leaks by Immersing them In water while under pressure. 



EXERCISE: Answer* the following questions and check your responses against those listed at 
the end of this study unit. < - 

1. The process of severing ferrous metal|^meaps of the chemical action of oxygen on 
the elements In the base metal Is calTW ^ 



a. carbon-arc cutting. c?^.^tal-arc cutting. 

b. flame treating and cutting. d. oxyacetylene duttlng. 

2. The jet coming from the eerier orifice of a cutting torch tip Is 

a. acetylene. c. hydfrogen. ^ 

b. oxygen. d. carbon dioxide. 

3. The streams coming from the smaller orifices surroundlng^the center tip orifice 
are for 

■ «. * 

a. preheating. c. cutting. \ 

b. post heating. > d., oxidizing. 
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4. For torch-cutting a plate 7/8 Inches thick, the recommended tip size nurrter would t 
be j 

a. 0. f c. 2. * 

c. 1. ^ d* 3. k 

5. For cutting metals using the o*yacetylene process, the amount' of acetylene 
pressure used In relation, to the oxygen pressure Is f 

a, rnudi lower. 4 c. the same. '". 

b. much 1 ' higher. d. alternately higher, than lower. 

6. The pretexting flames of a cutting torch are adjusted to obtain a (an) 
flame. * T . 

a. reducing c. normalizing % 

b. , oxidizing - d. neutral 

7. In starting a straight cut In the center of a metal sh&t,'you would tilt the ^ 

torch q% a 45° angle from the perpendicular In line with the cut In order to ( 

.» ^ 

a. provide proper starting bevel. 

b. eliminate slag blow back, 
"c. preheat properly. 

d. eliminate spark shower. * , 

•ft' 

8. A suitable torch guide for cutting beveled edges 1s a 

ly. 1-Inch angle Iron with the angle up. 

b. protractor bevel with extension. . . w 

c. chalk line. 

d. * special tip with steel guides. 

9. Jhe besl way to cut a bevel Iri a piece of heavy pipe Is to * . K 

a. make a continuous cut around the pipe. 

b~ hold the tip at a 45° angle to the center of the pipe. 

c. oscillate the cutting tip. 

d. cut the tip off square, then bevel it. 



10. The purpose of rotating the torch when piercing a hole 1s* to r 

a. blow molten slag out of the hole. 

b. ensure a round hole. 

c. distribute the cutting heat evenly. 

d. ensure proper preheating. 

11 . An expedient tool for removing rivets 1s 

a. a cold chisel. c. a file. 

b. a cutting torch. d. a grinder. ^ 

12. To avoid forming a hard layer along the edges when torch-cutting high-carbon and 
alloy steels, you should 

a. preheat the edges ahead of the cut-. ' - 

b. postheat the edges after the cut* 

c. use a oil bath for quenching. 

d. machine the edges with a grinder. ) 

13. Cast Iron Is more dffflcult to cyt than steel* because 

4* steel must be preheated to a higher temperature thariVast Iron. 

b. It requires a much smaller oxygen pressure than steel. 

c. It melts at a lower temperature than does Its oxides. 
d_. It Is more brittle thanWteel. 
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14. A good cutting speed with the cutting torch will produce* 

a« Irregular drag lines, 

b. yery little spark shower. 

c. uniform drag lines forming sweeping curves, 

d. drag lines that are straight up and down, 

15. Acetylene working pressure In excess of ps1 must be avoided. 

j. 

% a. 15 c. 25 

b. 20 d. 30 

16. The best way to check for cylinder leaks 1n oxacetylene welding equipment Is by 
using 

* 

a. a. match. * c : test paste. 

b. soapy water. d*. compressed air . 



,Work Unit 3-5.. WELDING EQUIPMENT TROUBLESHOOTING 

IDENTIFY TWO MAJOR MALFUNCTIONS IN OXYACETYLENE EQUIPMENT AND HOW TO TROUBLESH00T 
THE MALFUNCTIONS 

IDENTIFY THE TROl^LESHOOTING PROCEDURES FOR THE LM-62 METALLIC-ARC WELDER. 
IDENTIFY THE TROUBLESHOOTING PROCEDURES FOR THE DYNAMOTOR WELDER. , 
Oxyacetylene equipment troubleshooting. 

a. ttegulator malfunctions and corrections . Leakage of gas between the regulator seat and 
the nozzle 1$ the principal trouble encountered with regulators. It 1$ Indicated by a gradual 
Increase in pressure on the worklr-g pressure gage when the adjusting screw is fully released 
or Is In position after adjustment. This defect, called "creeping regulator" In the welding 
trade, 1s caused by cracked or worn valve seats or by forelan matter lodged between the seat 
and the nozzle. Regulators with such leaks should be repaired Immediately^ to avoid damage to 

, other parts of the regulator or Injury to .perfohnel . This* leakage^s i^ptlcularly dangerous 
1n acetylene regulators because acetylene at high pressure In the hose 1$ a definite explosive 
hazard, jp correct this malfunction, Remove and replace the seat If It IsVorn, cracked, or 
otherwise damaged. If the. malfunction Is due to fouling by dirt or otherJorelgn material, 
clean the seat and nozzle thoroughly and blow out any dust or dirt In thfj?aive chanter. 
Broken or buckled gage tubes and distorted or buckled diaphragms are usually caused by, 
backfire at the torch, by leaks across the regulator seats, by failure to release the 
regulator adjusting screw fully before opening the regulator seats,, or by failure to release 
jthe regulator adjusting screw fully before opening the cylinder valves. Defective Bourdon 
tubes (flattened, semicircular tube, connected to the dial Indicator) In the gages are 
Indicated by Improper action of the gages or by escaping gases from the gage cages. Gages 
with defective Bourdon tubes should be removed and replaced since satisfactory repairs cannot 
be made without special equipment. Buckled or distorted diaphragms cannot b€ adjusted 
properly and should be replaced with new ones. Rubber diaphragms ban be easily replaced by 
removing the spring case with a vise or wrfench. Metal diaphragms are sometimes soldered to 
the valve case and their replacement Is a special repair shop job. It should not be attempted 
by anyone not familiar with the* work*. 

b. Torch mal functl ons an d corrections . Improper functioning of the welding torches Is 
usually due to on<T or more of the following causes: . Leaking valves, leaks In the mixing head 
s€(at, scored or out of round welding-tip orifices, clogged tubes or tfps, or damaged 1nlet k 
connection threads. These defects are the cause of gas leaks and, unless corrected 
Immediately, may cause flashbacks or backfires with resultant Injury to the operatpr, and 
damage to the v/ctldlna equipment. Valve leakage Is usually due to bent or worn stems, damaged 
seats, or a combination of both. Loose packing will also cause leaks around the valve 
handle. Such leaks are Indicated when the gases continue to fltjw frfter the valves are 
closed. Bent or worn valve stems should be replaced and damaged seats should be refaced. 
Loose packing may be corrected by tightening the packing nut or replacing the packing, making, 
certain that the packing nut Is tight. Leaks In the mixing head are Indicated by the popping 
out of the flame and by the emission of sparks from the tip, accompanied by squealing* 
noise. Leaks in the mixing head will cause Improper mixing of the oxygen and acetylene which, 
In turn, will cause flashbacks (Ignition of the gases back of the.mlxlng he*d In the tubes). . 
A flashback causes the torch handle to suddenly become very hot. This defect can l*e corrected 
by reaming out and turning -the^nlxlng heAd. Special reamers are needed for this Operation, 
and It should not be attempted By anyone hot having the proper equipment to do the job. 
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Scored or out-of-round tips will cau^p the* flame to be Irregular even after the tip has been 
cleaned. They cannot be repaired and ijjgst be replaced. Clogged tubes and tips are usually 
due to carbon deposits caused by flashbacks or backfire or to the presence pf foreign natter 
that has entered through the hoses. Great working pressures will be required c to produce the" 
flame required for some tips, and the flame will be distorted. To correct this condition, the 
torch should be dismantled and each component (t1p § mixing head, and hose) should be cleaned 
out and blown out'wlth oxygen at pressures" qf 20* to 30 ps1. The tip and mixing head should be 
clearjed, first with soft copper or brass wire or with cleaning drills of the proper size, and 
theri blown out with oxygen. Jhe cleaning drills should be approximate \y one drill size 
smaller than the tip, orifice to avoid enlarging the holes. Leaks due to damaged Inlet 
connection threads. can be detected by closing the needle valves and the^ cylinder valves. Such 
leaks will cause the regulator pressure to drop. Also, If „ the threads are damaged, the hose 
cqpnectlofts at the torch Inlfet will be difficult or Impossible to tighten. Unless corrected, 
this condition may cause fires by Ignition of the leaking gaseS which could result In serious 
Injury to the operator or damage to the equipment. To correct this, the threads should be 
recut with a thread chaser and the connections thoroughly qleaned. - 

/Troubleshooting the Model LM-62 Metallic-Arc Welder 

Table 3-1 below provides Information that 1s useful 1n diagnosing and correcting the \ 
failures of the welder. 

Table 3-1. Troubleshooting Procedures for the LM-62 Met£ll1c-Arc Welder. 



Symptom 



Probable cause 



Possible remedy 



Welding generator 
falls to generate 
sufficient vol tage 



b. Current falls or 
becomes low 



-i 

:. Weldlrfb ! 



generator 
vol tage too high 

d. Voltage becqmes 
erratjc 



Generator speed too low. 
Brushes scored or worn. 
Comma ta tor scored. 
Armature circuits open. «= 

Wiring short-circuited. 

Commutator dirty. 

Brushes sticking 1n holders. 

Panel cable connections defective. 

Load excessive. , 

High mica on qommutator. 

Rheostat defective. 

Welding cable defective.* 
Electrode holder defective'. 
Pane> wiring defettttro. 
Ground connection^ poor. 
Cable connections loose. 

Speed too fast. 
Rheostat defective. r * 

Generator speed erratic. 

Commutator dirty. 
Brushes scored or wbrn. 
Commutator scored. 
Insufficient brush spring pres- 
sure. 1 
Brushes sticking in holders. 
High mic? on commutator. 
Rheostat defective. 



Increase speed. 
Replace brusjies. 
Repair commutator. 
Check, repair, or replace 

armature. 
Check, repair, or replace. 
Clean commutator. 
Adjust spring pressure. 
Inspect and repair. 
-Reduce load. 
Undercut mica. 
Replace rheostat. 

Replace gable. 
Replace holder or repair. 
Inspect and repair 
Tighten ground connections. 
Tljjljten cable connections. 

Reduce speed. 
Replace rheostat. 

'Inspect an<J adjust engine 

for steady speed. 
Clean commutator. 
Replace brushes. 
Repair commutator. , 
Adjusting spring pressure. 

Inspect and repair, 
Undercut mica. 
Replace rheostat. t 



e. Welding arc becomes 
noisy and spatters 



Currerlt setting too high. 
Polarity wrong. 



Reduce current setting. 

Check polarity, Jtry the 
reverse polarity, or try 
an electrode of an opposite 
polaVlty. 
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Table 3-1. Troubleshooting Procedures for the LM-62 Metal 1 Ic-Arc Welder (continued). 



Symptom 



Probable cause 
A 



Possible remedy 



f. Melding arc becomes 
sluggish 



g. Touching welder gives 
shock 



H. Electrode holder 
becomes hot 



Current too low. 
Connections* poor. 



Cables too long. 



Welder not properly grounded. 
Welder covered with water or 
• moisture. 

Electrode holder spring weak or 
soft.. 

Electrode grooves dirty. 
Cable corrections corroded. 



Adjust currents 

Check aritf tighten all loose 
connections; check for 
corroded or split con- 
nections. 

Check cable drop. Use shorter 
cables. 

Ground welder properly. 
Wipe off and dry thoroughly. 



r Replace spring. • 

Clean and file grooves. 
Clean and make new, tight 
^~ r-s eaaoect1ons. / 



Troubleshooting the Dynamo tor -Wei der (Also a Metallic-Arc Welder) 

Table 3t2 provides Information tJiatils useful In diagnosing and correcting the failures 
of the welder. 




Table 3-2. Troubleshooting Probewtures for the t>yriamotor-Wel der , 



j 



Symptom 



Probable cause 



Possible remecty 



a. Welder noisy 



Welder overheats 



c. Welder wilt not start 
when shop set 
engine Is used 

d. Welder will not start 
When external power 
Is used 



e. Welder starts but 
rotates In wrong 
direction ' 

f. Welder will not de- 
1 Ivpr ac whcm shop 
set Is used \ 



Mounting hardware loose. 

Siock absorber loose or defective. 



Ventilator air filters clogged or 
dirty. 

Clutch not engaglno. 

Drive belts defective or worn out. 



Qynamotor switch not properly 

actuated. 
Djynamotor switch defective. 
Power selector switch In wrong 

direction. 
Power selector switch defective. 

Extern^ power lines Incorrectly 
connected. 



DynamaJor swl tch defective. 

Dc awnetkr-tfectrlcal leads open 

or shorted. 
Dc ammeter defective. 
Dc antapter shunt defective '* 



Tighten or replace hardware. 
Tighten or replace shock 
absorber. 

Clean ventilating filters. ' 



Adjust clutch. 

Adjust or replace drive belts. 



Properly actuate switch. 

Replace ctynamotor switch. 
Set power switch to position 

marked CITY on panel . 
Replace power selector switch. 

Interchange any two Incoming 
Jeads. w 



Replace switch. 

Repair or replace ammeter 

electrical leads. 
Replace dc ammeter. 
Replace dc ammeter shunt. 
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EXERCISE: Answer the following questions and check your responses against those listed at- 
the end of this study unit. \ 

I ' i/* 

1. To prevent buckling and distorting of the dlaphrams 1n the regulator, you would 

a. release the adjusting screw fully before opening the cylinder valves. 

b. shut off the cylinders first. 

c. always blow-out the gas hoses,. ( 

d. stabilize the acetylene flame before opening the 0)<ygen valve. 

2. A gradual Increase 1n pressure 1 on the woHdng pressure gauge after the adjusting 
screw 1s flully tel eased 1s an Indication of a . 

a. broken gauge, tube. c. worn valve sea*; 

b. leaking torch valve. d. scored welding tip orifice. - - , 

3. You suspect a leakage of gas' 1n your gas-weld1ng regulator; specifically, between 
the regulator fflrt and the nozzle. Th1* leakage 1s Indicated by 



4 

0 - 



a. a total lack of pressure on the working pressure gauge. 

b. an Increase In pressure on *the working pressure gauge. 

c. a decrease In pressure on the working presstire gauge. 

d. the formation of bubbles around the nozzle. 

' A, V 

4. A cutting torch tip should be cleaned with 5 

a. soap and waiter. 

b. a steel brush* ■ 4 
, c. a soft copper/brass wire or cleaning drills of the correct dlanfter. 

d. emery cloth or sand paper. - w ; 

' '■ 
R. While using the LM-62 welder you receive a shtfck, the problem 1s 

a. the commutor.ls dirty. 

b. the polarity 1s wrong. 

c. the welder 1s not properly Wounded. 

d. the electrode holder spring Is weak or soft. p 

6. When the dynanmor-wel der starts but rotates In the wrong direction^ the problem 
1s the 

a. external power lines are Incorrectly connected. 

b. drive belts are defective or worn out. 

c. dynamo tor switch 1s defective} 

d. dc ammeter defective 



Work Unit 3-6. INERT-GAS-ARC WELDING — x ' * 

IDENTIFY THE OPERATION, PROCEDURES AND TECHNIQUES OF INERT-GAS-ARC WILDltiG.^/ 

a. "Gas shte^Ad Riding" 1s a term used to designate the fusion (melting together* 
welding process that uses an Inert gas (Vellum or argon) to shield a tungsten electrode and 
the molten pool of metal from the atmosphere. The 'shielding gas flows- from orifices located 
1n the torch head forming a protective blanket over the v/eld area* This blanket protects the 
arc and the molten pool of met$l from the harmful effects of the atmosphere. Because of this 
complete protection from the atmosphere* gas-sh1elded welds are stronger, more ductile, and 
mo*e corrosion-resistant than welds made by the ordinary metallic-arc process.. Ga!-sh1elded 
welding IsMdeal for welding metals such *s aluminum, magnesium, stainless steel, monel , 
brass, and copper. This 1s virtually the only process with which you can successfully weld 
magnesium. With the Marine Corps emphasis on equipment that cjin be hel 1l1fted,' 1t Is 
necessary that equipment be light 1n weight. Consequently the new breed of equipment being 
acquired by the Corps has Increased the use pf lightweight materials £kh as aluminum, 
magnesium, and aluminum alloys. Consequently, the use* of Inert-gas-ard wel ding Is becoming 
more prevalent throughout the Corps. 
\ 

I - 
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(1) Shiel ding gases used . .Helium and argon are Inert gases that are used 1n -j 
, gas-sMelded welding. The term "InerJ gas" ^Indicates a> chemically 1nact1vf gas; 

unlike oxygen, It will not mix with any other element. Whether the welder' uses 
helium or argon depends on what results he wants. In some cases, helium 1s 
preferable 1» argon because 1t produce* more heat per ampere of welding current, 
If other factors are equal. This characteristic becomes" a disadvantage when 
welding very light gages of<jnetal (1/32 Inch or less). Here arc stability becomes 
a very Important factor. With higher current settings, 1t 1s better to use argon 
with Its lower arc voltage. Both gases are plentiful and helium 1s much cheaper 
than argon, but you will use three times more of 1t to do the same job. This 1s 
because of the 7 different weights of the gases. As helium 1s several times lighter 
than argon, It will not settle down around the work as effectively as argon. > 
Argon 1s a colorless, odorless, Inert gas somewhat heavier than air. The norra^ 
jatmosphere contains 0.93% by volume or 1.29% by weight of this element. It 1t^ ■ 
•also a nontoxic nonflammable gas. Argon comes In cylinders similar In size and* 
hape to oxygen cylinders, from 200 to 250 cu. ft. under pressure at 1800 to 2280 
si. You can Identify the cylinders by the distinctive color markings of gray 
jlth a white band. When the cylinder drops to 25 psl , you can consider the 
yllnder to be empty. Use>the same care when handling or storing argon gas as you 
would when^ handling any other gas. ^ } Jft~^ 

(2) Cl eaning welding surfaces . Cleantng the surface to be weldeti Is of maflor 
Importance regardless of the welding process. This cleaning should Be done just 
prior to welding. Oxides, grease, and oil film remalntng on the edgfcs to be' 

v joined cause unsound welds. Unsoundness reduces the mechanical and/el ectrtcal 

efficiency of the weld. Mjldly alkaline solutions and commercial <*greasers that 
do not emit toxic fumes during welding are used successfully to remove surface, 
contaminants before welding. One common method 1s for the welder to wipe the 
edges to be -joined with a cloth dipped in solvent, such as alcohol ^or acetone. 
All welding surfaces should be dried after clean Jpg to prevent porosity In the 
* weld metal. Use the method that will produce the degree of cleanliness you 

require. The method will, of course, depend on the type of contamination to be 
removed, the composition and design of the part you wish to clean, and the quality 
of the surface finish to be retained. Th1n§s to remember when you are trying to 
do a better job of cleaning are as follows: 

i 

Use mechanical cleaning where excessive amounts of easy-to -remove dirt are 
presentTin any form, provided you do not lessen the usefulness of the part. 

Hever use solvents or' chemical baths unless you observe the required safety 
and fire regulations. 

Use solvent cleaning to remove-^Tease and oil contamination that you cannot 
eliminate^ mechanical cleaning alone. ThisJmpHes that you can use a 
^ ' combination of mechanical and solvent cleaning. ^ 

When using o1l-hase solvents such as kerosene, naphtha, and distillate 
alkaline, cleaning 1* usually necessary to remove the oily film left by the 
i solvent cleaning agent. ^ 

You can use the wire brush method of cleaning to remove light coats of paints 
and primers, natural oxide films, and light coats of corrosion. 
*• ■ ■ ** 

b. Inert-gas-wel d j ng equi pment . The Llnde Weeding Set, Model SWM-9, feed by the Marine 
Corps Is' designed for continuous duty, semiautomatic welding of aluminum, using a consumable 
aluminum electrode shielded by Inert argon gas. The welding set can be used for either short 
arc welding, with a constant potential power supply, or conventional welding, with a 
constant-current power supply. The welding set consists of a control assembly, wel ding torch, 
argon gas regulator, and the necessary hoses and cables. . * 

(1) Torch (fig 3-17). The torch Is an air-cooled hand welding torch rated for a 
maxTmum current capacity of 200 amperes dc continuous duty. The torch will 
provide the full range of wire feed speeds required to handle all welding 
applications using 3/64" -diameter aluminum wire. The same torch will weld metal 
from 0.-093 1n, to 0.125 in. thick using 0.030 in. aluminum wire at current levels 
up to jMroximately 125 amplres. The torch 1s well balanced and weighs * 
appr^Htely 3 lb, less cables. It is of rugged all-metal construction and Is 
adeq^Wy Insulated to afford the operator complete' protection from the wire and 
fromwner parts that are electrically hot. 'Simple in design and operation, the 
torch Is used with a direct current conventional constant-current type of welding 
power supply. 
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,F1g 3-.17.' Inert-gas- shielded model SIJM- 0 torch? 

(Currently 1n use\n the Marine Corps) 



(2) Voltage control (f 1g 3-18). The arc voltagl 1s controlled by a series-type 
v voltage control opera tpd .from a 115-volt ac or dc power source. It actuates the 
welding current anil flow of argon by turning these services on or off 1n proper 
sequence for maximum utility and safety, and at minimum operating cost. The 
control also allows the operator to Inch the\wire along without the welding power 



supply being energized. 




Miim mi*a **vtmu> 
t 




Fig 3-18. Voltage control assembly. 
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(3) Argon gas regulator and flowmeter (f 1 g 3-19). This Is a ?-stage, constant-flow 
regulator equipped with an adjusting valve, a pressure regulator (Indicates the 
pressure -of the argon gas flowing Into the regulator), and a flowmeter (measures 
the amount of argon flowing from the regulator through the hose to the torch), 
The gas coming Into the regulator Is measured by the gage In pounds per square 
Inch (psl). The gas going to the hoie Is measured by the flowmeter In cubic feet 
per hour (cfh). The flow of argon Is regulated by an adjusting valve located on 
the regulator. 



pressure cage 



(4) 
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" Fig 3-19. Argon gas flowmeter and regulator. « • . . 

\ 

Adjustment and operat ion of SHH-9 , The slgmette outlets are located at the bottom 
l eft of the LM-oE genera tor control panel: The welding selector switch, located 
1n the center of the generator control panel, should be In the MIG position. The 
welding' polarity switch should be In the "reverse polarity," position. The argon 
gas switch (GS) on the control box controls the gas solenoid valve. When the 
mainline switch (MLS) Is turned on, the GS Is placed In the 'auto" position. The 
qas solenoid valve will be energized when the field Interrupter relay Is 
energized. To check the gas flow without energizing the contractor, place the GS 
In the manual position. Adjust the flowmeter on the shielding gas regulator to, 
obtain the desired rate of gas flow. After making necessary adjustments, return 
the GS to the "auto" position. Power for the wire feed switch Is provided by the 
permanent magnet type shunt motor In the torch. During the welding cycle, the 
welding wire feed rate Is controlled by the welding voltage rheostat (WVR) on the 
voltage control assembly. Turning the WVR clockwise. Increases the arc voltage; 
turning It counterclockwise decreases the arc voltage. If the proper, setting ; 1s 
not known, use a lower setting at the start to prevent a burnback. With the MLS 
tn the "on" position and the argon and power supplies adjusted, the operator may 
start to weld by pressing the torch trigger switch. This closes the field . 
Interrupter relay which energizes the welding generator and also sterts the flow 
of argon. Make sure that the end of the electrode wire extends approximately 1/2 
In. beyond the end of the nozzle before starting to weld. • The Inching button can 
be used to Inch the wire Into this position. Touch the end \f .the wire to the 
workplece. This establishes an arc andJJtarts the wire feed at the rate Indicated 
on%he WVR. Weld1ng«w1ll continue as Ag as/ the tr1gge£ switch rema ns 
depressed. Welding action will stop tM all /services will be discontinued 1f the 
trigger switch Is released. The control Is fequlpped with a protective circuit 
which will prevent the application of excessllve voltage to the wire feed motor If 
the torch Is withdrawn from the work to stop the weldlWg action. However, the 
torch Is not the proper method of breaking the arcTmd should be avoided. 
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. ^ Tu_ "g-Stern-1nert-gas (TIG) welding process . 1 The TIG process is wldely^used for welding 
relatively thin aluminum sections. in this process, under normal conditions, an arc 1s 
established between a nonconsumable tungsten electrode and the aluminum parts to be welded 
with a shield of Inert gas enveloping the arc and the weld pool. The arc melts the aluminum 
base metal and bare filler* rod of suitable alloy is manually added to the molten pool. 
Welding can be done rapidly from all positions. No flux Isrequlred In TIG welding because 
the action of the arc breajcs up the oxide film and allows good metal flow. S1nce*fce heat of 
the tungsten arc 1 s concentrated In a small area, It Is much faster than gas welding. Also 
distortion of the bXle metals 1s less than with gas welding. 

(1) l*ower source .' Bot-h ac and dc are used In Inert-gas welding. However, ac Is used 
In welding aluminum and magnesium, sjnce the cleaning action of the arc 1s more 
pronounced. Straight polarity has ptJer characteristics and the arc is difficult 
_tp handle. Welds made with dc are generally smoother in appearance than those 
made with ac. Welding transformers with built-in high-frequency current 
stabilisers to control the arc are available, but special attention should be' 
given to their Installation as a 1>1 gh-fpequency circuit will cause radio and TV' 
interference. * 

(?) Welding equipment and supplies . In addition to the power source, the followlnq 
equipment is needed: 

'TIG welding torch 

Inert-gas supply, regulator-f lowmeter, hose, and fittings 
Filler metal . 

Water supply and fittings k 
Helmet or eyeslftejds and protective clothing 

For currents above 100 amperes, cooling the torch and power cable is necessary 
^because of heat generated b*y the arc and the current passing through the cable. 
For welding currents below 100 amperes, air-cooled torcheS*are satisfactory.' A 
Sectional view of a water-cooled torch Is shown 1n figure 3-20. Water used to 
v cool th e weldi. ng gun^nould be clean to prevent clogging or flow restriction. 
Overheating can melt the silver-brazed metal joints in gun and the plastic water 
tube which shields the electric cable. A control mechanism is available which '. 
does, noj^al low the welding current to start fnless the water 1s flowing. Some TIG 
W^ldMgfequlpment Is provided with a solenoid valve which automatically shuts of.f 
the water supply when the welding stops. This prevents excessive cooling and 
moisture condensation insldfc the torch. The TIG welding torch carries the welding 
current and directs the Inert gas to the weld area. The torch must be properly 
Insulated for maximum current ranges to insure operational safety. Current is 
transmitted from transformer through the power cable to the collet (metal ring) 
holding thte turfgsten electrode. Gas ports surrounding the electrode permit the * 
inert gas to enter the nozzle. The electrode should extend beyond the efd of the 
gas^cup a distance equal to its diameter for butt welding and sligfttly farther for 
-fillet welding. The gas cup or nozzle of the torch can be either ceramic or metal. 
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Fig 3-20. Water-cooled, inert -arc-gas welding torch. 
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(3) Welding technique. The operator controls the operation of the torch through a 
( IfT^glr~o7TuTjton mounted on the handle. Depressing the button or trigger 

actuates Glenoids, which In turn start the flow of shielding gases and cool ng 
l*t»r and enerciizes the welding oircqit. Control circuits are so arranged that 
the Qas and water ffow for a short period before and „fter the weldlnd-clrcuH 1s 
, energized or shut off! This 1s a advantage since 1t insures that shieling gas 
M available to protect the weld zone when welding begins and for a short, period 
a ter weld ng stops, The arc 1s struck by bringing the tungsten electrode close 
to the work surface. The electrode does not^ave to touch the work surface 1n 
metal-arc welding", because the high frequency establishes the arc. The arc 1s 
held at the starting point until the metal liquifies and a weld pool 1s 
established. Filler rod 1s then added manually (fig 3-?l) from the front as^ 
n Jed to form a weld bead. The torch 1* usually pointed 1n the direction of 
Sravel with aV to 20° angle from the vertical position. The finished weld 
beads do not require cleaning since no flux was used in the P^cess. The 
completed welds should have a smooth appearance. To avo d wasting the shielding 
gas and to obtain a good weld, you should proceed as follows: 

Use a short* arc. Reduce the amount of dr*#^1n the welding area. Use the 
minimum gas flow necessary to obtain consistently clean, sound welds. 



/ 



Weld 1n the downhand^sitlon. Any change in wor) 
possible is advisable srince it will greatly reduq 
efficiency, and give faster welding. ' 



positioning to make this 
>eider fatigue, Increase 




Fig 3-2i. Applying filler rod. 



h • total inert-aas (MIGf welding process., MIG welding 1s another form of the Inert 

from oxidation by the shield of Inert gas. No flux is required. 

Ml Power source. Either a direct-current welding generator or rectifier can be used 

(1) r TweSS ng aluminum. Constant power source compensates for changes In arc 
length, thus providing more uniform welding. Reverse polarity (electrode 
positiie) is used when aluminum is welded by this process. The MIG process 
deposits filler metal at high rates (compared with TIG we ding), making faster, 
more economical welds with less heat effects on the workplece. . 

(2) Welding equipment a nd suppl ies. In addition to the dc power source, the following 
equi pmlflt Ts "needed : 

Inert-gas supply, regulator flowmeter valve, hose, and fittings.. 
Filler wir6, wire spool, and drive. , 
MIG welding unit.,, • • 
ft Helmet or eyeshield and protective clothing. 
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There are, several different designs of MIG welding units on the market, the major 
difference being the location of the filler wire drive mechanism. Of the two 
major dtslgns of welding gun, one (model SWM-9) pulls Jhe wire by means; of drive 
ro>ls from within the gun Itself. The other pushes the wire from the drive rolls 
throujgh a long guide liner to the welding gun and the werkplece. The gun 
currently used 1n the Marine Corps 1s of the first type Cf1g 3-17), Both types 
have a Control box unit which* aqtyates the power, feed, shielding gas^and cooking 
water when the'lHgger orr>the gw\ *1s squeezed. 




filler wfm Filler wire of.types EC, 100, 4043, 5154 r 4183, 5356, and others are 
ava 1 1 able^Pfi" 0 . 030- , *0. 064- , V/32-V 1/16- and l/8-1n. diameters. -Special 
attention nust be -given to see that the wire 1s clean. Unsound welds result from 
using wire that has been Contaminated w1tJv61ls, grease, dirt, etc. Best weeding 
results from using wire which has Just been removed from Its^carbon. Wire should 
be stored 1n a warm^ry area and kept covered. If welding is stojjped fpr^any 
length of time, remote the wire roll and place 1t in the orlglnalfca^ 
prevent contamination. . * 




(4) Wei ding technique . Filler wire alloy, current setting, and gas cctftetag^. can be~- 
chosen to suit the alloy and thickness of the mat#^1al being welded. MIG welding 
equipment 1s designed to feed the wire and automatically start. the gas flow <\s , 
soon as the. arc 1s struck. Welding progresses by moving the gun along the line of- 
weld joint at such a rate as to build up a bead of the desired dimensions. 
Because of the shielding action of gas, no flux 1s needed. In flat-position^- 
welding, the gun 1s held pointed 1n the direction of travel at a 5° to 20<* 
angle from the vertical position. Wh en more than one pass 1s needed to complete 
the weld, 1t should be cleaned by brushing with a stainless wipe brush. Postwel v d ^ 
cleaning other than wire brushing. 1s hot usually necessary 1n MIG welding. Figure^ 
3-22 shows welrffng currents used with d1 fferentrslze wires,' 
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Filler Wire diameter Welding current 
(Inches) 1 (amperes) 


4 


- — - § 

0.04Q h 
1/16 

3/32 

17»a/ % • , * ■ 
" 1' | 


120-210 v 

X65-300 ' y - t 
240-450 ^ * 
400 and up b/ 


\ 

i 

■ \ " 


. I % 
a/ Normal lynised for Ipitomatlc welding. 
' Maximum welding current dependent on 


the power source - 

. i 


t 

■o 



F4g o 3-22. Recommended. current welding for various dtameters oMIIG fjller wire.. 

^ ' ' \ ■ r > 

EXERCISE: Answer the following questions and check your responses against those listed at 

the end to this study unit. , • ' 

V*. The material that was largely responsible for the development df the- Inert Ajas- 
shielded welding method 1s 

* *" 

a. aluminum. c. stainless steel. * 

b. magnesium. d. roonel.. > f ' 

2. All the gases listed below are Inert EXCEPT r 

■ „ a. argon: 1 helium. 

b. o^gen.. d. xenon. * 



3. A gray pyllnder with a white band 1s Identified to be 

7 



a. argon. c. oxygen. 

b. acetylene. m T* d. nitrogen, 
v 



4. .The advantage of Inert-gas-arc welding 1s 

a, no flux 1s required .? 

b, more heat 1s produced by the arc. 

c. welds are.stronger and more corroslqn resistant, 

d. less spark, shower. \ 

■ * f 

5. The liquid recommended for cleaning surfaces to be welded by the JIG or MIG 

-process 1s 

a. gasoline. ' > trlchorethylene. 

b. carbon tetrachloride. d, acetone, 

C. In an inert-gas-arc welding setup, Jhe special device that regulates the amount of 
argon gas going from the gas cylinder to the torch 1s , * . 

a. oxygen regulator valve* c. regulator-flow meter valve, 

b. argon, valve. . d. torch regulator valye. 

7. When you weld with tbeSWM-$ torch, the electrode shou 14 extend beyond 

♦ . the end ~* * . jb . 



du weld with tbe SWM-^ torch, the electrode shouUL < 
d a[. v the nozzle.' * ■ W 



a. ' 1/0 Inch c* 1/2 Inch 

b. 1/4 Inch d. twice the diameter of the wife ^ 

When welding with the SWM-9 torch, and after all adjustments have been made, you 

start the flow of &rgon , 

• ■ i ' * 

a. turning on the GSi % c. depressing the 1nch1ngfbutton. 

b/ turning on the MLS. , d. pressing the torch trigger switch. 



Tlie'life expectancy of a tungsten Electrode under normal operating conditions 1s 
ya.v£ hours* ^ c. 32 hours, 



yf a ^un < 

16()iours, - d. Indefinite. 



• 10. On son! TIG welding equipment, the device that automatically shuts ofcthe water 
■ * suppiy>when the welding stops 1s tfre * * 

• a. soleno1d*valve. - c. Inching fwltch. ^ 

b. voltage control* d. flow meter Adjusting valve. * ( 

ll^In TIG welding, . 1s used to cool the torch. , 

a.. hW 



1wn c. argon 

b... water^ d. ^arbon dioxide 




12. A tangsten k electrode 1/8 Inch 1n diameter should extend _ Inch beyond the 
\ cup of welder vrtfcn welding a butt joint. v / " 

^ ' a., 1/6 • J c. ■ 3/8 • - * 

b. J/4. 1 \ d. 1/2 

v 13. When welding with the MiG process, the welding current setting of l$5-300 amp$j*s 
requires a filler wire with a diameter of ' Inch. ' 

a. 1/32 c 3/32 :. .' ^ . 

b. 1*16 : gj^ "■• d. 1/8 . * * 

14. MIG filler wine, norma^P use^J for automatic weeing, requires a weld Ing^currenl 
range of * 

> * * ■ " ' s 1 

a. 120 - 210 amperes c. 240 - 450 amperes. 

•b- 165 -,300. * d. 400 amperes and up. \ ' 

» ■ ■ . . % 

SUMMARY REVIEW v . %% ■ ' « . ^ 

' * * , * * 

In this study unit you learned to Identify oxyacptylene welding equipment. You. * 
learned the procedures of dxyacetylene brazing, welding, and cutting or metals. Finally you 
learned Gas-Welding Saffety Precautions, Welding Equipment Troubleshooting, and Inert-Gas-Arc 
Welding Procedures. \ v \- * 
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Answers to Study Unit #3 Exercises . ij| 

Work Unit 3-1. 

1. a. 5. a. 9. d. 

2. b.« 6. a'. 1 10. a. 

3. c. 7. b. 11. c. 

4. c. 8. c. 

Work Unit 3-2. ' * 

1. a. f 

2. a. \ - C 
'-. 3. b. 

4. d.' 

5. b. ' , " ' 
Work Unit 3-3. . • 

1 . c. 

2. d. 

3. a. 

4. The rod Is kept ahead of the tip 1n the direction of welding. 
'5. The^lp 1s kept ahe^d of ^e rod 1n -the direction of welding^ 

Work Unit V4- 



1. 


d. ' 


7. 


b. 


13. 


c. 


. 2. 


b. 


8/ 


a. 


14. 


c. 


.3. 


a. 


9. 


d. 


. 15. i 


a. 


,4. 


c'. 


10. 


a. 


* 16. 


b. 


5,. 


i. 


11. 


b. 






6. 


d. 


12. 


a. 







Work Unit 3-5. 



1. 


«• 


4. 


2. 


c. 


5. - 


3. 

\ 







Work Unit 3-6. 



c, 
c. 
a. 



r 



1. 


b. 


6. 


c* 


11. 


b. 


2. 


b. 


7. 


c. 


12. 


a. 


3. 


a. 


8. 


d. 


13. 


b. 


4. 


c. 


9. 


d. 


14. 


d. 


5. 


d . « 


10. 


a. 







r 



STUDY UNIT 4 



METAL WORKING MACHINES AND TOOLS 3 

STUDY UNIT OBJECTIVE: UPON SUCCESSFUL COMPLETION OF THIS.STUDY UNIT YOU WILL 
IDENTIFY THE USE OF METAL WORKING MACHINES AND, SPECIAL TOOLS UTILIZED WITHIN THE 
.MARINE CORPS. 

Work Unit 4-1. METAL CUTTING EQUIPMENT 

IDENTIFY THE THREE TYPES OF SHEARS AND RELATED EQUIPMENT USED TO CUT METAL. 

GENERAL 

When you start any job 1n sheet-metal work there are several things that you always 
have to* think about before you can actually do any work. Some of these are materials, layout 
precedures, forming processes, and' tools needed. Irr other words, you have to know what 
materials you have to work with, how you are going to plan the job, how you are gQlng to do 1t 
once It has been planned, and just what tools are going to be required to do the job. In'marty 
cases, the material you will be using will be determined for you, either by written or oral 
specifications. "When you work from blueprints, the material 1s usually specified right on the 
print. When working from a sketch, you may have to find out from your supervisor just what 
kind of metal he wants and what gage or thickness 1s desired. Generally speaking, the shape 
of the? object will determine the layout and the forming methods used. The use to which the 
object will be put will determine the kind of metal best suited for the job. You may work 
with sheets made of black Iron, galvanized Iron or steel, aluminum, <?opper-nl£kel , 
corrosion-resisting steel, copper ,*brass, or zinc. It Is conmon practice-when working with 
sheet metal to specify the thickness by gage number. Figure 4-l^|1ves the gage, thickness, 
and weight In pounds per square foot for galvanized (zinc-coated) and black Iron (no 
protective covering) sheets— generally the two types that you will be working with. Some 
sheets have the gage stamped, on them. If not, you will have to measure the thickness to 
determine the gage. GalvanUed sheet usually measures 1 gage thicker than 1t actually 1s. 
This 1$ due to the coat pf zinc that 1s placed on the metal after 1t Is rolled to a specified 
size. It 1s a good idea to check the sheet, whether 1t Is marked or not. This will eliminate 
aity errors or doubt. Sheet metal 1s tricky to work with. You will learn by experience how 
you can bend -certain types. You w11J also learn, by experience, to be extremely careful when 
handling sheet metals by the edge$, usually by cutting your fingers. Always file a fresh cut 
metal edge to remove burs and fishhooks.' 



Black Iron 
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Gage U.S. 



Galvanized 
Iron 



Thickness 
(inches) 



Wt In Tb per 
sq ft 



Wt in lb per 
sq ft 



32 ... . 

30 ... , 

28 ... . 

26 ... . 

24 ... . 

22 ... . 

20 ... . 

18 ... . 

16 ... . 

14 . \ . . 

12 ... . 

10 ... . 

Fig 4-1 



0.0097 


0.406 


, 0.563 




.0120 


0.500 


0.656 




.0149 


0.625 


. P.781 




.0179 


0.750 


D.§06 




.0239 


1.000 


1.156 




.0299 


1.250 


V.406 




.0359 


1.500 


1.656 




.0478 


2.000 


2.156 




.0598 


2.500 * 


2.656 




.0749 


3.125 


3.281 




.1046 


.. 4.375 


4.531 




.1345 


5.625 


5.781 





Gage, thickness, and weight of black* 
and galvanized iron. 
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A metalworker must be familiar with the methods of cutting, bending, drilling, 
forming, and riveting metals. Yoti shoCild be familiar with the more common hand tools and how 
to use then properly; for example, how to measure, drill, and use a file or hacksaw. Cutting 
sheet metal 1s a common occurrence; onc^ a job 1s laid out, the next step is to* cut it out. 
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The type of equipment used to .do the cutting will depend, of course, on the thickness of the 
material to be cut. Thin pieces of comparatively Soft metal may be cut more readily with hand 
snips. But for lard, thicker type metals, machlnelare used. These machines are divided Into 
two groups; manually operated and power-oj*rated.«9Each type of cutting machine has a definite, 
cutting capacity which should never be exceeded. A few of the more conmon types available In 
maintenance battalions, depots, and base maintenance and repair facilities are described In 
this paragraph. 



sfteaifs i 



a Squaring shears (fig 4-2)\ Squaring sftearfs are. used for ./cutting and squaring sheet 
metal i they may be foot-operated or power. opera ted. They consist of a stationary Made 
attached to a bed, and a movable blade attached. to a crosshead. To make a cut, the work 1s 
placed 1n the desired position on the bed of th* machine and tfce blade 1s moved through Its 
downward stroke. The stroke-of the cutter blade 1s always Identical 1n Its relation to the. 
bed. ,A foot-powered squaring shear 1s equipped with a spring which raises the blade when 
pressure 1s taken off the foot treadle. A scale graduated Into fractions of an Inch 1s 
Inscribed on the bed. Two side guides, consisting of thick steel bars, are fixed to the bed, 
one on the left and one on the right. Each 1s placed so that Its Inboard edge creates a right 
angle with the cutting edge of the1>ed. These bars are used to al.lne the metal when 
absolutely square corners are desired. When cuts other than right' angles* are to be made 
across the metal, the"beg1nn1ng and , ending of the cut has to be marked 1n advance. Then the 
work 1s placed Into position with the marks on the cutting edge of the bed, and the cut 1s 
made. A hoi ddown mechanism consisting of holddown levers 1s Incorporated 1n front of the 
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Fig 4-"? 3 Squaring shears. 
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movable cutting edge 1n the crosshead. Its purpose 1s to clamp the work firmly Into place 
while the cut 1s being made. The clamp 1s quickly and easily operated by rotating the lever 
towards the operator's position. A firm downward pressure on the lever rotates the mechanism 
over center on Its eccentric cam and locks the holddown 1n place. Reversing the action 
unlocks and releases the work. Three distinctly different operations, cutting to a line, 
squaring, and multiple cutting to a specific size, may be accomplished on the squaring 
shears. When cutting to a line, proceed" as above. Place the beginning and ending marks on 
the cutting edge and make the cut. SquaVIng requires a series of steps. First, square one 
end of the sheet with one side. Then square the remaining edges, holding the one square end 
of the sheet against the side guard and making the cut. The remaining sides are squared one 
edge at a time 1n the same manner. When several pieces are to be cut to the same dimensions, 
make use of*the adjustable gage stop with which most squaring shears are equipped. Xh1s stop 
1s located behind the bed cutting edge and Its purpose 1s to limit the amount of metal that 
can be slipped between the cutting edges of the blade and bed. The supporting rods -for the 
stop gage are graduated 1n Inches and fractions of an Inch, and the gage bar 1s rigged so that 
It may be set and fixed at any point on the rods. With the gage set at the desired distance 
from the cutting blade, push each piece to be cut aaalnst the stop. You will be, able to cut 
each piece to the same size without measuring eachjfcne. Not all squaring shears have a safety 
guard, but they should. No one sticks his fingers 1n" the machine 1ntent1qnally , but accidents 
do happen, and the safety guard 1s just one precaution well worth having- on the machine. The . 
shear should be operated by one man, but 1n case two 'are required for the job,, extra care 
should be taken. If you are operating the treadle make sure your partner has his, fingers 
clear before depressing 1t. The squaring shears were designed, to cut flat sheet metal . NOT 
square, round, or bar stock. You will not only dull the blades, but'serlous damage to the 
machine will result. JOther machines have been invented just for that purpose; use them. 
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b. Jhroatl ess shears (fig 4-3). Throatless shears are constructed so that sheets of any 
length nay be cut and the metal turned 1n any direction during the cutting operation. Thus, 
Irregular lines can be followed, or notches niajle without distorting the metal. This type 6f^ 
shears 1s essentially &f[ adaptation of heavy hand shears, 1n which the handles are removed, 
one blade secured to a base, and loftg lVver attached to the movable blade. 




> F1<f.4-3. Throatless shears. 



c Hand bftnch ^shears* This type of shears is similar 1n operation to a papercutter. 
That 1s, U has a fixed blade, and a movable blade hinged at the rear. Since the blades are 
straight, they can be used only for cutting straight edges. For cutting tjetal that U 
narrower In width than the length of the blades, the cutting-edge lever can be pulled all the 
way down; however, for cutting larger pieces, a continuous series of short bi^es should be 
made, since complete closing of the bladesVtends to tear the sheet at the end of each cut. 
Some bench shears have a punching attachmerffc on the end of the frame opposite the shearing 
blades, which can be used to jiunch holes Irr metal sheets. 

4 « 



EXERCISE: Answer the following questions and check your* responses against those listed at 
the end of this study unit. 

1. The layout and the method used to form a sheet-metal object 1s* determined by the 



a. weight of the meVal. 

b. type of metal . 



c. size of the object. 

d. shape of the object. 



2. The weight, in pounds- per square foot, of a piece of 22-gage galvanized iron 1s 



a. 0.0290*, 

b. 1.1250. 



c. 1.406. 

d. 3.2. 



3. The squaring shears are designed to cut 

a. square 

b. sheet 

4. Devices for clamping she&t metal 



bar 
round 



stock. 



a. 
b. 



clamps, 
guides". 




on a squaring shear are known as 
s. 



5. Shears which are used for notches, curves, and straight-line cuts on light sheet 
metal are known as S 



throatless. 
hand bench. 



c- power shearing. 



6. The type of shears ysed only for cutting straight edges are 

hand bench 



a. squaring 
« b. throatless 



c. 




shears. 
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Work Unit 4-2. SPECIAL TOOLS * 

\ LIST THE FOUR CATA60RIES OF SPECIAL TOOLS USED IN METAL WORKING. 

Before discussing the tools Individually, a few common ts on the care and handling of 
hand tools in general might be appropriate. Th* condition' In wh ch a mechanic, metalworker, 
or anyone for that matter, maintains h1$ tools, reflects his efficiency as well as the 
opinion? of his superiors who judge his day-to-d**work. ^ach tool should Jave 1tS fP lace and. 
when 1? Is not used! 1t should be kept .In Its placd. Each tool should be cleaned after each 
use before 1t is returned to Its proper place, whether that place Is In a toolbox or In • 
centrally located toolroom. If the tools are not going to be u&d again the same day, a light 
perseryatlve coat of oil should be applied to prevent ru*t. Tools that are used on » 
workbench or at a machine should be kept within easy reach of the person using them but In a 
place! from which they will not be knocked off. Tools should not be placed on finished 
surfaces of any machine. 



a Snips- (fig 4-4).' -Snips do justUat their names Imply; they snip or cut off pieces of 
metal.' UnTfre hacksaws, snips won't remove a wide area ot metal when a cut is made. There 
is, however, more danger of causing minute metal fractures along the edges of the metal durng 
the shearing process,. For this reason, 1t 1s better not to* cut exactly on the layout l ine In 
an aSempt to avoiFbo mi.ch finish work. Cut as close to the line as Is safe; there Is no 
set rule for this distance. You can proceed safely; however, on the assumption that the 
thinner and sorter the metal, th? closer you can cut to the layout line. . Some fractures are 
so Revere that they cannot be removed when the metal 1s dressed Leave about 1/32 In for 
dressing. When cutting from the edge of a large sheet, you will have better luck 1f you ait 
Vm th2 left side. A small section of scrap -material will curl upward (fig 4-4 whl e the 
larger piece of material will remain flat. When the left cur] s. upwards , It provides clearance 




F1g 4-4. Cutting from the left side! 



for the frame of the shears to advance along the cut. The cut should never be the full length 
of the blade. If the points of the snips are allowed to come together they will ^ear the 
metal «s the cut Is completed. Stop the cut before the end of the blades has been reached and 
takP a new bite When ctlttlng heavy-gage metals, use only the rear portion of the snips. 
ThU noHnly reduces the possVll UyVf springing the blades but It gives gr eater everage 
Once a pair of snips are sprung, they are virtually useless. Hand snips will withstand a lot 
of hard use, but there 1s a limit to their endurance. Never use them to cut hardened steel 
wire or other similar objects. Such use only nicks, dents, or destroys the cutting edges of 
the blades There are many- tyj>es of snips used for special jobs. The ones described here are 
the more general types and ones that you will most likely handle. The straight hand snips 



(flq 4-5)"have blades that are straight and cutt>tog edges that are sharpened to the^8S° 
angle. They can be obtained In sizes ranging f$£m sina.il J*-1nch snllps J 0 ^^*^* J 4 ^ 1 



Inch 



type. Designed to 7 cut sheet metal w to 1/16 1n.. they are able to cut slightly heavier gages 
of aluminum alloy. It's a tough and crude job to try to cut circles and arcs with straight 
blade snips, so for this purpose specially designed snips are used. They are the circle, 
hawks-M i trojan" and aviation ships (fig Circle snlps.'wlth their curve b a ides 

will handl^any curve except the seller, ones. The hawks-bills are part c.ilarly useful In 
making curved cuts In large sheets. With their. narrow curved blades, which are beveled enough 
\Ja permit sharp turns without buckling the metal , the hawks-hill snips can cut either ^sldo 
6r outside circles of small radius. These as well as the cjrcl*. snips must be used carefully, 
as their blades are easily sprung. The trojan snips are one of a group, of snips Known as 
"combination snips." Th* advantage of the -trojan sn1p<4 ts that they can be used for severa 
tyjS of work; therefore, online pair of snips Is needed to handle the average sheet-metal 
1ob. They are rugged and should be used for heavier curved cuts, although .their blades, are 
small enoJgh to permit sharp turns and they can be used to cut Inside and outs de curves > -A 
special pair of snips resembling the trojans has been designed for cutting stainless steel 
The cutting edges are Inlaid alloy, and stamped on the handles are the words For Santos's 
Steel Only."* Do not use regular snips on stainless steel and do not use stainless steel snips 
on brass, copper, or galvanized or sheet Iron. Another popular type Is the aviation snips. 
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They have narrower cutting blades operated by a compound lever action which enables 
considerable pressure to be exerted on the blades with less effort being applied to the 
handles. These jnlps are used for cutting circles, squares, and Irregular patterns. The 
hardened cutting blades make 1t easier 4 to cut hardened materials. Many snips of this type 
have small serrations or notches on the cutting edges which prevent them from shipping 
backwards when a cut Is made. Although this feature makes the cutting a little easier, it 
mars the edges of the metal slightly. You can remove cutting mark,s 1f you^llow proper 
clearance for dressing the metal after cutting. 





J^anow prof 



Fig 4-5. Types of hand snips. 
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b. Riveting tools . . I 

(1) Rivet cutters ' (fig 4-6). In. case you cannot obtain rivets of the required length, 
rotary rivet cutters are used to "cut linger rivets to the required length. When 
using the cutter Insert .the rivet part way Into the correct-diameter Hole, place 
the required number of %X\\m (shown as staggered, notched strips 1n the 
Illustration) under the head, and squeeze the handles. The compoun deduction £rom 
the handles rotates the twp disks 1n opposite directions. This shears the rivet 
'smoothly to the correct Length. When using the larger holes, place one of the 
handles In' a vise, insert the rivet, and shear 1t by pulling on the free handle. 
If this tool 1s not available, diagonal cutting pliers can be used, although the 
sheared edges will not he as smooth and even as vrfien cuttjirg. with the rivet cutter. 



r 





A - \ ' F1g 4-6. Rotary rivet cdtter. ^ 

J * 
* (2) Rivet set; (flg*;7). A r>&t set Is a tool equipped with a die for driving a 
, parti cualr type of rivet. Rivet sets are used>1n both v hand and* pneumatic hammer ' 
riveting methoas. v TJ\ey are available to fit amy size anti shape rivet. The 
.ordinary hand set .Is made of 1/?" -diameter carbon stej?l , Is about 6 Inches long, 
/and kfiurled to prevent $Mj>p1ng 1n the hand. Only the face of the set 1s hardened 
/and polished. Sets for^th|. universal , round, brazier, and oval-head rivets are 
recessed (or cupped) to fit the rivet head. In selecting the correct set, be sure 
that It will provide the proper .qVeAfance between the set and the sides of the 
rivet head and between the surfaced Of the ntetal and the stet.^ Flush or Hat sets 
*are used for countersunk and flathea4 r c 1vetsP In order to set flush rivets 
cproperly, the flusn sets should be at least 1 1n. 1n diameter. Special sets, 
called "draW 11 set^, are used to "draw up 1 ' the , sheets ~he1ng riveted 1n order to 
eliminate any openings, between them before titit rtvet Is trucked. Each dr*w set has 
a hole 1/32 1j. largef thar^-the diameter of th^ rivet shank for which 1t was made. 
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Sometimes, especially 1n handworklng tools, the draw set and the rivet header are 
Incorporated into one toolt. The header part consists of a hole sufficiently 
shallow for the set to expand the driven rivet and form a head on 1t when the set 
Is struck by a hammer. Figure 3-7 Illustrates a rectangular-shaped handset vrtilch 
combines the draw and header sets, and a flush set used with a pneumatic hammer. 
Set? u?ed with pneumatic hammers (rivet guns) are provided 1n many sizes and 
shapes to fit the type and location of the rlv^et. These sets are the same as the 
handsets except that the shank 1s shaped to fit the rivet gun. The sets are made 
of high-grade carbon tool stfeel and ape heat-treated to provide the necessary 
strength and wear resistance. The tip or head of the rivet set should be kept 
smooth and highly polished at all times to prevent marr1n#,i>f the rivet head. 





F1g 4-7. Rivet sets. * 



(3) Bucking bars (fig 4-fl). To form rivets with the rivet set, a bucking bar 1s used 
to form "bucktalls" (the heads formed during riveting operations) on rivets. 
Bucking bars are normally made of an alloy steel s1mjlar to tool steel. The 
particular shape to be used depends on the location and accessibility of the rivet 
to be driven. ^The size and weight of the bar depend on the size of the rivet 
being used. The portion of the bar designed to come 1n contact with the rivet has 
a pol Ished surface to prevent marring of the formed byjcj^alls. These bar facps 
must be kept smooth and perfectly flat' and the edges and corners rounded at |T 
times. A satisfactory rivet Installation depends on the condition of the buck 
bar and the Alllty of the metalworker using 1t. If possible, hold the bucking 
bar In such a manner as to allow the longest portion of the bar to be ip line with 
tfce rivet. Hold the bar lightly but firmly against the end of the rivet shank so 

• as not to unseat the rivet head. The Inertia of this provides the force that 
* bucks (upsets) the rivet, forming a flat, headlike bucktall- 
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Flg 4-8. Bucklng bars. 
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c - Strik i ng tools . Generally speakfng, this group of tools (Is composed of various' types 
of hammers and pallets, all of which are used to apply a strlklngVoflf^^here the force of the 
hand alone 1s sufficient, The metal working hammer s \are divided into two classifications , hard 
face and soft face. The hard-face hammers are made of forged tool steel while the soft-face 
are macle of wood, brass, lead, rawhide, hard rubber, or plastic. The metal -^ifeaWed hammers are 
usually classified according to the weight of the Jiead less the handle, The 4-dz and 6-oz 
sizes are used for light work, such as tapping a prick punch or a small drlft^Onch. The 8- 
10- and 12-oz sizes are best for general utility work; the 1-lb and heavier sizes are used for 
heavy-duty jobs. 

(1) Hard face (figure 4-9). One of the best known general-purpose hammers is the ball 
peen, often oalled machinist's hanmer. The ball end 1s known ^as the peenlng end 
and the fl attend Is the face. A couple of cousins to the balf peen are the 
straight peen and cross peen. Both have wedge-shaped peenlng ends. The face end 
Is/ the same as the ball peen. A riveting hammer 1s used for forming metal as well"* 
is for driving Mvets, and 1f you are forming sheet-metal seams, you w11l need a 
setting hammer, which 1s designed for getting intti tight corners and for forming 
metal at right Angles: The planl sblra hammer has two metal heads with, slightly 
convex faces. The heads may be rounc^ square, or a combination of both. 
Planishing hammers are lighter than most hammers and are primarily used to smooth 
out metal surfaces that have been bent out of s^ape. For planishing, the metal is 
laid on a smooth surface, such as forming blocks or a stake, and the Irregular- 
ities are lightly struck with the hammer until smooth. Avoid glancing blows as 
these will cause the metal to stretch. 





Riveting 



Sotting Planrtehing 



F1g 4-9. Hard-face hammers, 



(2) Soft face (fig 4-10). These hammers have faces of rawhide, wood, plastic, copper, 
or pyral in. As a general rule, wood does not make a satisfactory soft-face hammer 
since it is likely to splinter* A closely 'wound rawhide mallet 1s very satis- 
factory and will stand a surprising amount of atriise. Do not use 1t or> punches or 
objects having small diameter as they will destroy the surface of the face. A 
more elaborate soft-face hammer features the replacable tips which are clamped in 
the head of the hammer. 4 Tips are made of rawhide, babbitt, or copper. The mallet 
1s 'a hammerlike tool made of hickory, rawhide, or rubber, and is used forypoundlng* 
down seams and fornHng metal sheets over stakes. A mallet will not dent or mar 
the metal as will a steel hammer. 
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Fig 4-10. Soft-face hammers. 
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d Layout tools. The tools you will most often use in laying out sheet-metaf patterns 
will be the tcHber, dividers, flat steel square, tranwel points, circumference rule, prick 
punch, center punch, and combination square. . 

(1) Combination square (fig 4-11). The comblna- 

tlon square- may be equipped with any of the 

heads Illustrated. Equipped with a square 
, . * head, 1t can be used to lay off lines o* to 

check work at either 90° or 45°. It can 

also be used to score a parallel line at a 
\ given distance from an edge, Qr to check a 

given thickness or depth by setting the end of 

the blade the given distance from the 90° ^ 

face on the squarehead. Equipped with a 

protracter head, the square can be used to lay 

0 off 11ties or t0 check mrk at any an 9 1e - 

V Equ1pped*w1 th the center head, 1t can be used 

to find the center of round stock. 



CIHTt* 
HtAO 



IQUAHI HIAO 




PftOTftACTO* 
HtAD 



♦ Fig 4-11. Combination Square, 



(2) Dividers (fig 4-12) and trammel points (fig 4-13).£ Dividers have many uses, most 
of* which are fairly obvious*: Probably their principal u$e 1s transferring . 
measurements from scale to work and vice versa. ' J^y.are also used to divide a 
given length fnto equal. .segments afW to scribe drclefe onctock. The trammel (fig 
4-13) serves the same purpose as'the dividers, but gan be extended to cover 
measurements which are beyond tfje capability of the dividers. ^ 



(3) 




F1g 4-12. Dividers. 





Fig 4-13. Trammel points. 



Punches (fig 4-14). Punche^ are used to 
locate centers for drawing Circles, to start 
holes for drilling, or to p*pch holes 1n thin 
sheet metal. They are generally classified 
as to their design and Intended use, for 
example, prick punch, Qenttr punch, pill 
punch, etc. Center punches are used io start 
the hole to be drilled with a^wlst drill. 
The point of the punch 1s ground to a 90° 
taper. The prick punch 1s used to locate 
points on sheet metal and to mark centers for 
circles. The shank of the punch 1s ground to 
a 30° tapir. Its use 1s limited strictly 
to "pricking" the sjieet-metal surf ace to mark 
a point and It should not be used 1n place of 
the center punch. The pin punch, with Its 
long straight shank, 1s used for driving out 
straight and taper pins, rivets, etc.- 




4) * 

F1g 4-14. Types of punches. 



(4) Measuring tools (fig 4-15). Rules are graduated measuring Instruments made of 
wood or meta l . The graduations are 1rj Inches and fractions of an Inch or 1n 
.centimeters and millimeters. The most common ones used by the metalworker are the 
. • felble'steel tape, the machinist's 6-1nch steel rule, and the carpenter s steel 
" ^"Sare. The metalworker will find that the flexible steel tape 1s suitable for 
most purposes. The carpenter's square, although basically a carpenter s v 
Instrument used for laying out woodwork, 1s a very good Instrument for laying, out 
jobs on large sheet-metal surfaces. 
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Fig 4-15. Tools used for measuring and layouts, 
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(5) Scrlber (fiq 4 7 16). The scriber is used for narking lines on metal, especially^ 
when measuring* with a rule. The bent end Is convenient- for marking inside of 
cylindrical objects or partially closed recesses. Keep the scrlber sharp and use 
it like a pencil with only enough pressure to make a clear mark. 



3. 



Fig 4-16. Scriber, 



EXERCISE: Answer the following questions and check your responses against those listed at 
the end of this study unit. 

1, An Inside circle haying a small radius should be cut with 



3. 



4'. 



a. bench shears. 

b. combination shea 1 



V 



c . squaring shears . 

d. hawks-bil 1 snips. 



Snips -designed Tor cutting sheet-metal up to 1/16-in thick , and aluminum alloys of 
slightly heavier gage are known as 

a, straight ^nd. ' c. aviation, 

circle. d. trojan. 

When you bring two p1eces*>f metal together with a rivet set to eliminate any, 
opening between them, your action is referred to as 

a. backing. 1 c. upsetting. . * 

b. drawing up. % d. he r ad^ng. k 

To form sheet -metal seams and get Into tight corners, it is advantageous to Use 
a type hammer . 



a. ball peen 

b. cross peen 



c . set 

d. wooden mallet 



5. To "buck'tail" a rivet means that you are 



a. cutting the rivet shank, 

b. drawing the rivet. 



c. heading the rivet. 

d. smoothing the rivet's edges. 



I 6. List the four catagorles of special tools used in metal-working. 
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Work Unit 4-3. SHEET-METAL FORMING MACHINES 
* 

LIST THE EIGHT MACHINES USED TO FORM 'SHEET-METAL. 



* 



a. Slip-roll forming machine (fig 4-17). Sheet metal can be formed Into curved shapes 
over a plp^or mandrel, but the.sllp-roll forming machine Is much easier to use and produces 
more accurate bends. Rolling machines are available 1n d1 fferent sizes and capacities; some 
are hand-operated, others are power -opera ted. The machine, 1n figure 4-17 has two rolls at the 
front and one roll at the rear. Adjusting screws on each 1 end of the machine adjust the height 
and angle of the rear roll and control the distance between the front rolls,. . By adjusting the 
rolls, the machine can be used to form cylinders, cones, and other curved shapes. The front 
rolls grip the metal and pull it Into the machine; therefore,, the adjustment of dKtance 
between the front two rolls 1s made on the basis of the thickness of the. sb*et being used. 
Conical shapes can be formed by setting the back roll at an arwle before running the sheet 
through 1t, or they can be made with the rolls parallel. To rake a cone with the rolls ' 
parallel Involves slipping the large end of the cone through the rolls at a slightly faster 
rate than the small end of the cone. Grooves located at th?end of the rolls are used for 
rolling wire or rods. Jo form a cylindrical object as sho^ln figure 4-17, the rolls must be 
parallel to one another. The front rolls grip -the metal ar^wll 1t 1n*o the machine. These 
rolls are geared to the operating handle and must be adjusted so'that just enough pressure 1s 
exerted on the sheet to enable the machine to "grab" the metaW>Jhe rear roll 1s an Idler and 
1s adjusted up or dov*> to form the desired radius. Adjust the fNntij*1Jjr to grip the metal 
that Vou are forming. Adjust the rear "roll to a height that 1s obviously less than enough to 
form /the desired radius* of the cylinder being formed. Start the sheet Into" the roll. As soon 
as the front rolls have gripped the sheet, raise the free end slightly. Pass the entire sheet 
through the rolls, formJng a partial curve of the cylinder. Set the rear rolls higher to form 
a shorter radjus, turn the sheet end for end, and pass It through the rolls. Continue turning 
the/ sheet end for end, adjusting the rear rolls, and passing the sheet through ui t11 the 
desired radius Is formed. To facilitate the removal of cylinders from the rolls, the top 
front roll has a releasing device by which you can release and raise one end of the roll to 
slip off the work. Practice and experience will enable ytfu to adjust the rear roll for any 
desired radius. — 



b. Rotary toachlrie (fig 4-18). Th'ls 1s used on cylindrical and flat sheet metal to shape 
the edge or form a bead along the edge. Various- shaped rolls can be used to perform 
operations such as beading, turning, wiring, crimping, and burrlrtg. The beading rolls are 
used for turning beads (grooves) on Such Items as' tubing, cans, and buckets, and for 
stiffening and gripping. Beads may also be placed on sheet Stock that 1s to be welded. 
Turning rolls are used for turning an edge to receive. a stiffening wire. The wiring rolls are 
used to finish the wired edges prepared on the turning rolls. Crimping rolls are used to make 
one end of a pipe smaller, so that two sections may be jolaed together tfy slipping the crimped 
end Into the uncrlmped one. To turn an -edge at right angles to form burrs (narrow flanges) for 
seams or heirts, adjust and aline the rolls so that the Inside edge of the top roll fits over 
the shbulder of the bottom roll. Make the clearance equal to the thickness of "the metal. 
This 1s ImpocJtant as less clearance will cause the top roll to act as a shear and damage your 
material. Set the gage to turn up the proper amount of metal* T1f« 1s usually from 1/8 to \ 
3/16 Inch. Place the disk as shown 1n figure 4-19A «pd move the top roll- down until It grips 
the stock *nd creases It 'slightly. Crank the handle, "keeping the edge of the disk against the 
gage. ' Allo^ the disk to revolve as you crank (fig 4-19B). The first revolution should be 
fairly slow 50 you (Jan aet the burr accurately established. After the first revolution of the 
disk, disregard th* gage and fblloto. the crease, Increasing the top roll pressure and turning 




F1g 4-17. Forming a cylinder with slip-roll 
forming machine. 





as before. Raise the disk sUghtly after each revolution (fig 4-19C)', and you can Increase^ 
your cranking speed. The rotary head will Jake sets of rolls vrfilch are attached to th*! r shafts 
by round nuts that scrfcw flijsh with the outside of the rolls.'' .Figure 4-2Q shows a set of 
w1r1na rolls being used to wire ah edge. Always double check your machine setup by doing a 
practice Job on a piece of scrap metal first. This will save you a lot of trouble as well as 
a lot of material . ' * 
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F1g 4-18. Rotary machine and disks. 




F1g 4^9. Burring a disk.** 




F1g 4-20. Hiring an edge. 



The cornice brake 1s designed forspending large sheets of 

lelses and for bending this 



c. Cornice brake (fig 4-^21). 
mptal. It Is adjustable for clamping a wide variety of metal* thickn 
metal to a varlety of rad11*. The brake 1s equipped with a stop cage consisting of a rod, 
yoke, and setscrew, by means of which the travel of the bending leaf 1s limited. This 1s a 
useful feature when 1t 1s necessary to make a number of pieces with the same angle of bend* 
The standard cornice brake 1s extremely' useful for "making single herns/ double hems, lock 
seams, andyfarlous other shapes, some of which require the use of molds. The molds areg 
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Fig 4-21 • Cornice brake and bending operation. 



fastened to the bending leaf of the brake, by friction clamps, in such a position that the work 
can be formed^over them. This machine is ruggedly constructed and will qive lifetime service 
vtf* used properly ^ It will speed up your work and produce more uniform bends than can be 
produced by hand. Before making bends with the cornice brakes, there are two things you have 
to do in addition to toaking sure «that the metal you are working with is not beyond the rated 
capacity of the brake; they are as follows: • % * 



Adjust the clamping adjustment screw for the gage metal you are working . 
device holds ttie work firmly in position. 



The clamping 



Adjust the upper "leaf to at least the thickness of the metal. The distance Is ; 
• measured -from the front edge of the lower jaw to the front edge of the upper jaw. 

It 1s Important that you make these adjustments. For example, »if your clamping adjustments 
are set for lk-qage metal and you make a bend in 24-g/tge metal, your sheet will not be held 
firmly 1n position and will sTIp. This usually causes the bend to 'show up 1n the wrong 
place. On the other hand if the brake 1s adjusted tS clamp a very thin piece of sheet metal 
and a thick sheet 1s inserted, the strain exerted on the clamping Kandle may be enough to 
break it. To use the cornice brake, \e]ect a p1£ce of 18-gage or 20-gage scrap metal , Scribe 
a line across the surface (this- line 1s known as the bend or J>rake line), Set the clamping 
jaw device so that the metal will be held firmly in place without having to exert too much 
pressure on the clamping handle. Set the bend allowance (fig 4-22) on .the upper I6af for the 
metal you are working on,* This distance 1s measured" f rom the front edge "of the bottom leaf to 
Vie front edge of the upper jaw. When the allowance set on the upper jaw is equal to the 
thickness of the metal, you will get a* sharp*, bend. JJhen your allowance is greater than the 
m^tal thickness, the 1 bend will have a sltt|ht arc. Raise the upper leaf with the clamping * 
handle and Insert the sheet into the-t^ake, bringing the scribe line on the sheet Into a 
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Fig 4-22. Bend allowance. 
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position even'wlth the Tront ed^of the upper^jaw. Clamp-the sheet firmly Into position. 
Raise the lower leaf to the deslreiXarigle. to form the^end or flange* Release The clamping 
devlcfand remove the sheet from theW ak ** When the metal you bend 1$ soft and ductile, your 
bend will stay put.- If the metal 1s\ard and^pringy, you will have to raise the lower leaf a 
few more degrees than you would for soVtHnetai to commpensate for the spring back of the 
harder metal. The exact amount will be determined by the metal. Experience will be your 
Instructor and your eye will be your'gulde. You will sometimes have to make bends of the same 
degree-. In 9 targe number ?of pieces. When you have made the first bend, set the stop gage. To 
do this, raise the bending l^af to the position required to make the first bend, slide the 
iyoke (fig 4-21) up the* rod until 1t touches the stop through which the rod passes, and tighten 
the's^crew. You can now^make duplicate bends by raising the leaf until it contacts the stop 
gage. 



STOCK- 




MOLD 



F1<J 4-23,' Cornice brake with attached mold. 



d. Box and pan^rake (fig 4^4).- The box and pan brake 1s often called the finger brake 
since it doesl not have solid upper jaws as does the cornice brake, ,but a r ser1es of steel 
fingers of varying widths. Thyrxfinger brake can do everything that a cornice brake can do and 
several things that 1t can not do. The fingers are secured to the upper leaf by thumbscrews. 
All fingers which are not removed for any operation must be securely seated gnd firmly 
tightened before thebrake Is used. The finger brake 1s particularly useful for forming boxes 
and similar objects. If a box were to be formed on a cornice brake, 1t would be necessary to 
partially straighten one side of the box 1n order to complete the job. On the finger brake, 
,1t 1s only necessary to remove the fingers that' are 1n the way. The f 1nger*t>rake 1s operated 
1n the same manner as the cornice brake. Before you start any work on the finger brake, be 
sure that all the adjustments are correctly made for the gage mfctal that you are gotng to 
form, and that all fingers are properly set up. These fingers can be easily sprung 1f the 
machine 1s misused or Inprpperly adjusted. Don't bend rod, wire, band Iron, or spring 
tempered steel sheets on either the cornice or finger brake. 




F1g 4,-24. Box and pan brake, being used to 
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e. Bar folder . (fig 4-25), The. bar folder Is a bench-mounted machine used to fold and 
bend metal In a number of shape^ It Is equipped wlt+h $ graduated scale to obtain any desire^ 
seam widths up to 1 inch. An adjustable collar stop allows the folder to be set so that any 
bend angle can be macjp. An adjusting screw located on the tack of the machine controls the 
raising or lowering of the wing, which 1ft turn gives the desire^ sharpness of the bend. To* 
operate the bar folder, adjust the thumbscrew to the specified width of the fpld, then turn 
the. wlng^-adjustlng screw on the Back of the machine for the d$$ired sharpness of the berid. 
Insert the metal under the folding blade until ft rests Against the stops. "^Hold the metal 
firmly 1n place with ohe hand, grasp the handV^wlth the other, and pull forward until the , 1 
desired fold Is made. * * ✓ 
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fig 4-25. Bar folder and .types of' bends which can be made 



f. Deep-throated beading machine" (fig 4-26). Although beading may be done 1n an 
emergency with the turning rol'ls of the rotary machine, the deep-throated beading machine 1s 
especially designed for this. You will need to take several revolutions to form a bead, thus 
avoiding severe stresses and possible cracks. Start beading next to the seam and stop just, 
before the sicam 1s reached. Never allow a seam to' pass through the rolls. If the thick seam 
goes through the rolls, 1t will spring the machine and weaken the seam. « 




1g 4-26. Deep-throat heading machine. 



g. Crimping machine (fig 4-27*. CrUipIng machines are u*etfr"t<r shrink, (by corrugation) 
the erfds of metal cylinders so they can be flttetHnto oth^r cylinders of the same size. Some 
machines aTsp carry .beading rolls next td the crimping wTls as shown 1n the Illustration. 
The bead reinforces the cylinder and prevents 1t from slipping too fa* Into other cylinder. 




For jobs with riveted or grooved seams, start the crimp near the seam and stop the crimp nfear 
the seam and stop* the crimp ijhen it comes around to the seam. **Never\^r1mp over a seam; it 
will damage the rolls and spring the shafts. Keep* the edge of the cj\|nder against the gage 
and you will g^ « ne^t job. " * 
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F1g 4-27. Crimping machine with combination crlmpmg and beading rolls. 



h. Setting down machine (fig 4-28), Setting down machines are used to close single* 
seams. They are a l-job machine, that Is, they can be used only for setting down or:clps1ng 
seams. Their beveled jaw$ grip the seam and mash jt down to make 1t tight and smooth. 




r 



.F1g 4-28. Setting down machine, closing a seam. 



1. Sheet-metal stakes (fig 4-29). Some of the Work 'that you may do 1a*a sheet-metal shop 
may InvolvS^the uie of anvils and stakes. You may not have all of those Illustrated 1n f1gu^*e 
3-29, but you will probably have some of them. Jhese stakes have a variety of shapes and are 
used to back up the metal when fopnlng the marvy curves, angles, and seams 1n the forming 
process. The stakes are not, del Icate Instruments and many of their faces are hardened steel ; 
nevertheless, they demand prober care and use. Do not use them as backing wflen chiseling 
holes or notches 1n sheet t metkl^ If they are used 1n this manner, their surfaces will become 
marred. "Some of your work mayirequlre che use of several stakes. The stake 1s held securely 
1n a stake holder which 1s usually anchored to a workbench. One of the tappered holes 1n the 
'stake plate will fit the tapered shank of the stake that you may be using. Small, cylindrical 
Trapes and bends with small rad11 can be formed over the Stakes* Suppose you were told to 
form a small cone over a stake. Figures 4-30 and 4-31 Illustrate the forming of a cone on, a 
blowhorn by light blows with a mallet* Form the remaining portion of the- cone with your hands 
by'worklng the shept with a rolling, sliding motion over the stake,/ When selecting thestake, 
remember that the radius of the stake must be slightly smaller tlran the radius of the object 
that you are forming. Form the edges of the sheet In the manner you used on the cone, and 
finish the operation with your hands, tf the material you are forming 1s a heavler^gage than 
you can readily work with your hands, you wllj have to form the piece over the stak6 using a 
mallet to shape the sheet. ° 
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J F1g 4-29. * Stakes and stake' pi ate. 




F1g 4-30. Forming a cone on a, blowhorn Fig 4-31. Forming a cone with your 

stake. > hands. 

*" - 

J. Summary . Shop organization varies, fromone.duty station to another. A relatively 
large repair facility may be organized to permit a treat /»a1 of specialization, that 1s, some 
metalworkers w11T work as sheet-metal men, otters may devote all their time to weldtng. In 
smaller units, you may work bn different Jobs without specialization 1n any of them. It is * 
Hkely that you will be assigned first to on* type of unit and then to- another; not only will 
you do different types of work, but you will be working 4/1 th different types of machinery. 
Although you may not know. the proper methods of operating these machines, your NCOIC will give 
you the scoop on the hok's, why's, and wherefore's. It was the intent of these para^aphs to 
f$m11ar1ze you with the different typ& of -machines and practice^ that yoiMnay encounter 1n* 
your travels about the Corps. The itpst Important things to rememher about tools (personal, 
special, or shop) are to use them for the purpose for vtoich they are Intended* keep them 
clean, and keep them 1n topnotch condition. m . 

EXEKCISE: Answer the^ftff lowing questions and. check your responses against those listed at 
; > the end^ofuils study unit. v - 

1. When forming a cylinder on the slip-roll forming machine, you obtain the desired 
radius by adjusting the ,_rq11(s). , 

4. top front * k c,^ two front 

b. lower front . d. rear^ 

55. 



Conical shape* can be formed on the slip-roll machine by angular settlnq of* 
the _ro11(s). 

a. , rear c. 'two front 

b. top front and rear d. bottom front and rear 

The process In which a machine turns an edge at right angles t^form narrow 
flanges for seams 1s known as 

a. beading. * c. turning* 

b. burring. d, crimping. 

The process hereby rounded edge$ are formed 1s called i : 

a, burring.^ ' c . turning* 

b. beading. _ d. wiring. 

The process of shrinking the end oY a metal cylinder so that 1t can be fitted Into 
a cylinder having the same diameter 1s known as 

a/ setting down. * - c\ ^roov1nj[- 

'b: drawing. d. crimping. 

Alhach/lne used to make a uniform bend 1f> sheet metal 1s called a * , * 

a. cornlcfe , brake, dt bendllf stake/ 

b. # ^bender. ^ « creaslttg stake. " ^ 

A bepdi toade with a cornice brake, tflbt has a slight arc Indicates a law settlnq 
that 1s : ^ 

* t 

a* equal to\he th1 denes; of the metal. 

b. cless than the thickness of the metal. 

c. greater than the. tjjlckness of the metal, 

d. twice as large as the thlckness'-of - the metal. ( 

Spring-back allowance for machine bending of hard and springy metal 1s compensated 
for by + 

a. Increasing the machine pressure. 

b. annealing the metal before bending. 

c. raising the lower leaf a few more degrees'than you would for softer mfctal . 

d. adding the difference between the Inside and outside radius of /the bend to the 
thickness of the metal 

To make duplicate machine bends you would use a v 

a. stop gage. : . N ' c. stake. 

b v dolly. d. finger. * 

A machine 1n ,wh1cfh parts of the upper" leaf may be removed for forming a box Is 

called a * •■ , 

a. cornice brake. c. bar folder. 

b. finger brake. d.* moTd. 

On the bar folder* the des'fred sharpness Irv^the bend 1s obtained by setting the 

a. graduated scale; c. adjustable collar stop. 

b. gage adjustment screw. d. w1ng-adjust1ng screw. * 

When using the crimping machine with rolls and encountering a seam In the metal, 
you should ' 

a. permit It to go through the rolls with reduced pressure. 

b. never form 1t until ^fter crimping. 

c. never permit 1t to go through the rolls. 

d. permit It to go through the rolls one time only. 



137* The mashing down of a single seam to make 1t smooth and tight Is called 



14. 



c. settlna down. 

d. upsetting. 

Bend Urnas on sheet-metal are sometimes referred to as 



a. drawing, 

b. crimping. 




1 Ines , 



a ^drawing 
brake 



c • , center 
d. protection 

:t in 



15.-/ When selecting a stake, you should select 6ne whose radius 1s 
Abject .being formed. 



the 



' c. the same size as 
^ d. one-ha^f as large as 

16. t-1st the eight types of macKlnes used in metal working. 



a. slightly larger thap ' 

b. slightly smaller than 



a. 

b. 
c. 
d. 



e. 
f . 

g. 

h. 



M 



Work Unit 4-4. SHEET-MEJAL LAYOUT . 1 * * 

IDENTIFY THE BASIC PROCEDURES AND FUNDEMENTALS OF SHEET -METAL 'LAYOUTS. 

Before'laylng out jobs on sheet metal, y*u would sav? materl al if you would first 
practice the layout on paper. If at all possible, use template paper. This material has a 
waxed surface that 1s well adapted to scribe and divider marks;, however, *1f none 1s available, 
heavy brown' wrapping paper can be substituted. In this c*se a hard pencil will have to be 
substituted for the scriber, and a pencil divider for your layout dividers. Care should be 
taken to keep your pencils, dividers, and scribe .sharp because, th^ accuracy of your work w1^ 
depend on them. jr 

a. Using layout tools , r * • 

'i 

'(1) Scribing a line . Figure 4-32 illustrates the 
correct method of scribing a line using a 
scriber and rule. Hold the sgale or straight- 
edge firmly In place. Set the scriber as 
close as possible to the edge of the scale by 
tilting 1t outboard. Exe^t pressure on the 
point and draw the line, tilting the tool 
slightly In the direction of movement. When 
you have to draw afMlne between two points, m 
prick-punch both points, and start from one 
mark and scribe toward the center; then 
complete the line by scribing from the other 

mark to Join the first line, ^ , 

' . " Fig 4-32. Scribing a line, 




sq uare . The flat steeT square 1s a useful tool for laying out sheet-me^al 
»f ore using it, or at least at periodic intervals, you should theck the 

off, 



(2) Steel 
jobs. 

square for accuracy. When your square 1s riff , your work will be off no matter how 
careful you are. In parallel line development, you wllf use the square-to 
construct llnes^that are parallel to eacft other as well as perper^lrul ar to the 
base. This procedure 1s Illustrated 1iv fig 4-33*. Oust clamp tfc^ftralghtedge » 
firmly to the b*se line, slide the body of the square along the, stf aicfht&ige, and 
draw perpendicular lines through the desired points. 



(3) 




F1g 4-33. Drawing /parallel perpendicular lines. 

r 



Combination square and pro tractor . The combination jsquaijp can be used to draw a 
similar set or Tories as shown In figure 4-34, 'An edge of the - A * ^ " " 



are working 1s used as the base line 1n both c&sev* One edge^ 
combination square Is 90° ant the other 1s 45©. with the squaj 



al upon which you 
the head of the 
you can 

construct 45° and 90° angles, but how about lines at angles other than 45° 
and 90°? The protractor 1s the tool you need. fork the vertex of the anale on 
your base lint with a prick punch (fig 4-35). 'Jie vertex ir the termination or 
Intersection of lines, set J;he vertex of your protr^ie^Or^on the nw^jhd^then 
scribe a small V at the desired angle. Scribe a line from the V jprlTto the 
verte#%|Hcand you have constructed an angle. When you locate^rpoint and mark 
it^mh tfflK>r1ck punch, use very light taps with a. small ballpeen J>ammer. The 
smaller the mark you make, the more accurate that tifark^becomes . * 




J 



F^l4-34. Using combination square. 




F1g 4-35. Angle construction with protractor. 



(4) 



(5) 



Dividers . You will use dividers to scribe arcs and circles, to transfer measure- 
uteri its from a scale to your layout, and to transfer measurements from one par t of 
the layout to another. Careful setting of the dividers 1s of prime import 
When you transfer a measurement from a scale to the work, set one point of your 
dividers on the mark; adjust t^ve other leg to the desirSd length, and tighten the 
lock *$(frew seturely. To scribe an A *arc, # a circle - , grasp the dividers Ibetweeri" 
the fingers and thumb, place the point of one leg on the center and, exerting 
enough pressure to hold the point on center, slightly Incline the dividers 1n the 
direction 1n which they arvbelng rotated, and swing the arc. 

Trammel points . There will fc be times when you will have to constru2t*c1rcles or 
arcs 'larger than the dividers are capable of, making. This is when you will use 
the trammel. To adjust-the trammel points, you set the left leg on the mark, 
slide. the right leg along the beam, and tighten the thumbscrep: The arc or circle 
is then scribed in the same manner as with the dividers. 
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b. 



• Slmpjh 



^youts / A stretchout 1s a pattern -on a flat sheet which has not been formed. 
If a flat srteejT is 141d r oot to the correct shape and s1*e, 1t may be formed Into a 
3-d1mens1onajK ob^ectN( fig 4-^6) » When Jobs are laid out, allowances for edges and seams must 
be added. There are many different ways to lay out patterns on flat sheet metal. Here we 
will d1s<?fiss some of the methods that you may use 1n most metalworklng layouts using the .tools 
previously mentioned. ^ 





F1g 4- 



Formlng square and cylindrical shapes from flat patterns 




(1) Geometric construct1<?n . v 

(a) Erecting a, perpendicular and^bl^ectlng a line , 
YMs Is no trick at all It you have a true * 
steel square. But suppose you have on square 
and you stilly need a right angle for your lay- 
out, tfreak out y^ur dividers, a straightedge, 
and a scrlber. Draw a base line like the one 
labeled AB 1n figure 4-37. Set your .dividers 
for a distance greater than 1/2 AB, then with A 
as the center, scribe arcs at C and D. Then 
without changing 'the setting on your dividers 
and us1n<f B ^ a centfcf , scribe another pair of 
arcs at C and D. Draw a line through V)e points 




Fig 4-37. B1sedt1n<Aa line. 



where the arcs Intersect ¥ and you will 'have erected prependlcul 
forming four 90° angles. Yog will «hso, ^ve„ bisected line AB 
parts. ' . . I ' 



(b) 



Construction o f^a 90o 
Constructing a 



anc 



1e with dividers , ( 

angle at a glvten point 11 
with a pair of d%1ders is something you will 
find quite useful Jn making layoutjs. figure 
4-38 Illustrates a method fo£ constructing a ' 
right angle at a given point. Suppose you. 
have line XY with A as a point at which" you 
need to construct a right, angle. Select a 
point within the proposed* angle that you wish- 
to construct. In figure 4-38, that point is 
C. Set your dividers equal to CA, and using 
that as a radius; swing an arc BAD with C as 
the center. Lay a straightedge along the 
points D and *t and draw a 1 1ner which will 
Intersect the arc at B. Now graw a line \ 
connecting points A and*D and you have 
constructed a 90° angle. This method my be 
used for constructing corner^ 1n a stretchout 
for square or rectangular objects. 




to line AB, 
to two equal 




Pig 4-38. 



Constructing a 90° 
angle" at a give po 



1nt. 




(c) Bisecting an angle (fig 4-39). Another 

construction thit you should be familiar with 
1$ bisecting an angle. Referring to the 
Illustration we find the angle ABC 1s given, 
With B as the center, draw an arc cutting the 
sides Qftrfhe angle at 0 and Ei With 0 and E 
4b centers, set your dividers with a radius 
greater than half of arc DE and draw arcs 
intersecting at F. A line drawn from B 
through the point at F bisects the angle ABC. 
In all probability you will have a protractor 
to lay out angles, but just 1n case you don 1 t 
have a square or protractor, it's a good idea 
to know how to construct angles of various 
s1>es. 




Fig 4-39. Bisecting an angle. 



(2) Cylindrical I layout (fig 3-40). The stretchout 
of a cylindrical object will be rectangular 1n 
shape. One dimension of the layout will be the 
circumference of the cylinder. When you are 
given dimensions for a cylindrical job, you 
will be given the diameter of the finished pro- 

^ • duct rather than the circumference. This you 
will have to find out for yourself. There are 
two ways for you to do this, by computation or 
by using a circumference rule. Remember that 
the circumference of any circle 1s 3.1416 {7T ) 
times the diameter (C«^D). By using this 
formulayou can find the length of the stretch- 
out of any cylinder . The length of the desired 
cylinder Is your other dimension. Another 
method 1s by the use of the circumference rule 
(fig 3-41). The upper edge of the rule 1s 
graduated 1n Inches In. the same manner as your 
regular scale, but the lower edge 1s graduated 
1n crrc inference Inches. That 1s, no matter 
what diameter 1ri Inches you select on the upper 

^edge, the reading directly below that 1s 1*1416 
^^times the top reading. 9 




F1g 4-40. Stretchout of a 
qyllnder . 



\ 
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1p 




F1g 4-41. Circumference rule. 



'S 



Notice 1n figure 4-1 that the reading directly below the 3 l/2-1n* mark Ms just a 
shade over 11 inches. This reading would be the length of the stretchout of a 
cyl iniierNgf that diameter. A variation of the cylindrical job that you may run 
into is a flat-sided figure with round ends (fig 4-42). To figure the stretchout 
for this shape, find the circumference of a complete circle that would be formed 
by the two curved ends of the shape. Then add twice the length of the straight 
part, W In figure 3-4,2; Use the following formula for figuring your unknown 
dimensions: Stretchout D + 2W. The symbol 7T 1s always 3.1416. Here is an 
example: Let 0 * 5 and W » 6. Now, 3.1416 x 5 + 2 x 6 » 27.7080, or about 27 3/4 
inches. So one side of your stretchout would be 27 3/4 Inches and the other, of 
course, would be the length of the cylinder. 



1 
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•Poll* 



Strotch Chit 



1T D + 2W 



Fig 4-42. Cylindrical variation. 



(3) Pattern developmen t. Before we progr^ess to 
other methods oi laying out patterns, let us 
lay out a simple drip pan % th* type that may 
be found In any shop using some of the methods 
that we have covered up until now. First you 
will need dividers, a straightedge, and a 
sheet of paper. For this exercise you can 
fornryour own dimensions: the length, width, 
and height of the pan. Draw a base line (line 
AB, fig 4-43). Select; a point on this line 
for one corner of your layout. Erect a 
perpendicular through this point to form a 
90° angle. Now, measure off the required 
length of the pan and erect another 90° * 
perpendicular line. You now have three sides 
of your layout. Using the required width of 
" your pan for the other dimension, connect the 
„ two perpendiculars that you have erected. 
Mow, set your "dividers for marking off the 
depth of the pan. Using each corner for a 
center, swing an arc as shown In the 
Illustration. Extend the end and side lines 
as shown In the last step of figure 4-43, and 
complete ttie stretchout by connecting the arcs 
wtth the straightedge and $£r1ber. All that 
Is left to do Is to allow for seams, which 
will be discussed later, transfer of the - 
pattern to sheet metal , and. cutting It and 
bending It. You have seen how to lay out a 
drip pan without a steel square by the use of 
geometric construction. You bisected a line, 
k erected a perpendicular from a given point, 
% and drew parallel lines. You will find that 
Jhese and other geometric principles may be 
used to j do a lot of layout problems rapidly. 




Fig 4-43. Layout of a drip pan. 



(4) Parallel, radial line pattern development . If the only work you would be called 
on to do consisted of laying out an fabricating drip pans, boxes, and straight 
sections ot. cylindrical and retangular objects with straight liner, your work 
would beSasy since It would consist of nothing but straight-line ahgular 
development, plus allowances for seams and edges, and visualizing the notch 
needed. But thef*e mty.coine a time when work will caV! for elbows and tees which 
cannot be laid out with the straight-line method. 
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(a) 



I 



Parallel line . This development is based on the fact that a line pangTllgy to 
another line Is art equal distance fromthat line at all points. The maTn 
lines of a structure to he laid out by parallel line development are parallel 
to each other. Objects having opposite Untes parallel to each other, or which 
have the same cross-sectional sh^pe throughout their length, are developed by 
this method. Ingoing this, there y^certalty^rocedures that must be ^ 



fol lowed: 



First, draw a pTan and elevation of desired object In which the parallel 
lines are* shown 1n their true lengths/ ' 

*, 

Visualize the pattern from a right view of the Abject 1n which the miter 
or lines of Intersection are shown (fig 4-44A). 

Draw a stretchout at right angles to the parallel lines of the object, 
upon vrfHch 1s placed each space contained 1n the sectio^or plan v.1ew (fig 
4-44B). , 



Draw meafurfrig lines at right an'fll< 
pattern. » 



stretchout 



Draw lines from the points of*1ntersect1on on the mTter line 
and extend these lines to 1nt£nsec* similarly numbered lines 
the stretchout, to show the outline of the|Hevel opment. 




the 



1g 4-44C) 
drawn from 



Trace ^Une through the points thus ob.tfclned to give the desired patte^f. 

Hard to understan d? _A 11 rfghfli let's construct or 
layoik of a vent ptffclp tfye parallel Unejnethod. 
for ventilation of^HWnldlng. First, construct an 
line similar to the one 1n figure 4-44A. The mite 



slant of the roof line 
the diameter of the pipe, 
the height of the pipe, 
Find the center of line Al 
4-44A. Set your divider 
line 1-7 parallel to an 
1s Intersected by the e 




step by step a 
a pipe may be used 
atlon on the miter. * 
1s Inclined plane or 
w. tine AB represents 
and the miter line 1 * 



The elevation is a froril 
The distance between line AB 

1ch will vary around th^ circumference of the pipe? 
and construct a centerllne as shown In figure 
for one-half the distance of line AB. Construct 
just above line AB. Using the point where line 1-7 
vatlon center-Hne, swing an arc with the dividers, , 



completing the half pTan as shown 1n figure A-44A. Step off the circumference 
of your half plan with your dividers Into ^fx. equal parts by taking. 1/2 the 
rad1us*and starting lit point 1 making an 1i^rsect1nq arc at piMnt 2. Thqfr 
set your dividers at point £. Make another^TtTter§£&fc1ng arc atjpolnt 3 and 
continue- around the circumference of the half plan iintll 1t 1s Equally divided 
as shownHn figure 4-44B. Set your straightedge a^ right angles to the 
centerllne and, using 1t as a base line, draw lings* parallel to the center- 
line. These, parallel lines must be drawn from the points wheire »the arcs 
Intersected the circumference of the half plan to the miter ljlje. With "your 
straightedge, draw line EF lan extension of 11ne*RB), an d'stepbff twice the 
distance you stepped off 1n the circumference of the half plan. Draw a> line 
GH parallel to EF at a dlsjtance equal »to the, gt*ea test height of the < 
elevation. Through the points located on the emended line EF, by stepping + 
off with your dividers, connect lines Ef and GH by drawing parallel*l 1nes M and- 
number these lines 1n proper order as Illustrated (1, to 7 to 1 ). . You are now 
set tp transfer the miter line KDC 1n the elevation to the elevation to the 
stretchout. )To transferee miter line, merely project? the points of 
1ntersectld*Kon> the miter Hke-numbered lines on the stretchout (Indicated bj 
long broken Vines). These lines are drawn at right angles to. the numbered 
lines and parallel to line AB. They ape drawn from the point at which they 
Intersect the most distant' like-numbered 11a© In the stretchout. The pattern 
1s completed by connecting the points of Intersection on the stretchout with a 
curved line (1yl1cated by small broken lines 1n figure 4-44C). Remember, the 
more care you *ake 1n drawing your elevation, stepping off the half plan, and 
transferring your measurements, the more accurate the finished product will be. 
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(b) 



\ 



Intersected 



Radial line. This method of pattern development employs some of tf\e features 
of the parallel line development that you will recognl ze when you have laid 
out a frustum of a right cone. You are familiar -with a cone. A rfght fcone 1s 
one which, 1f set on a fl at 9 surface, would stand straight up- The frustum of 
a cone 1s that part which remains after the Ipolnt, or top of the cotye 1s 
removed. To devel&p a -pattern for the frustum of a cone, let's proceed on <*, 
step-by-s-tep basis referring to figure 4-45. ' * 



1 



Draw a side view of the cone, uslng such dimensions as the job may 
require. Letter the vertex A and the base BC. At point D, and parallel 
to line BC, draw a line that cuts the top of the cone. That portion below 
this line 1s the frustum. ^> 

Draw the half plan beneath the base of the frustum. Step 1t off' Into an 
equal number of spaces and nflfiiber as Illustrated. \i ' V 

Set your dividers the length of the cone along HiVe AC and, using the 1 
vertex A, swing an arc equal to -th&Jength of the circumference of the 
botlpm of the cone (C »7T^)." * % 



lottpn 
ier yc 



Sejryour dividers equal to the distance of the step-offs ort your 
and step off twice as many spaces as there are 1n the half plart. 
them 1 to 7 to 1. 



half plan 
Number,, 



J5 Draw lines connecting- A with point 1 at each end of the stretchout. 

6 Now with A for a center, §et your dividers along line AC to* the .length -of 
AD. Scribe an arc through both lines drawn from A to li The area * ' 
enclosed ^between the large and small arcs and the line numbered 1* 1s Jfet$ 
pattern for the Vr us turn of a cone. Add allowances for seams and edging 
and your stretchout Is complete. 



/ 



er|c 



l 
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* Fig 4-45^Rad1a1 development of a frustum of a. right cone. > 

(5) Edges, seaftis, "and notches . Thus far your practice jobs have been laid out to t>e 
formed with the edges left as they are. Very few jobs 1n the shop will actually 
be .fabricated in . this manner* Edges are formed to Improve the appearance of the 

v work, strengthen the piece, or ta eliminate the raw f&ge. These edges may be 
formed from the metal Itself, by Inserting wire, -or by 'attaching a band or angle 
iron, .The kind of edge that you wjll use on any job will be determined by the 
purpose, Size, and/ or strength Of ^he edge' needed. 

(a) Edges (fig 4-46). ^The single-hem edge can be made of any width. In general, 
the heavier the metal, the wider the hem.. The allowance for the hem 1s ecjual 
to its width (W 1n the Illustration). The doublerhiem edge is used if 
additional strength is Squired or If a smooth edge is desired inside as well 
as outjide; The hem* allowance is double the width of the jjgm. A wired edge 
will often be specified 1n the plans. Objects such as Ice cu&Ktrays, 
funnels, and water buckets ,*re.; man uf act u red wlttv wire edges to strengthen and 
stiffen them and. %g eliminate sharp edges. The allowance for a wired edge is 
? l/2"t1mes the diameter of the wire being used. 7 




Single-hem DoOble-hem .' 




Wtred edge 



Fig 4-46. Types^pf edges. 
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(b) Sheet-metal' seams ; 

, — . — , "*""V ' " : * 

1 Up seams (ftg 4-47). During the Instruction; on laying out a 'dr1p H pan, it 
~ wa£ mentioned to allow for tabs for seaming with rivets. This method of 
joining .sheet-metal 1s known as tap seaming. Lap seams may he plain, 
offset, V comer lap. These seams may be joined by drilling and 
riveting, soldering, or. a comWnatlon of both. % To figure the allowance 
for seams that you plan °n riveting, you mu^t kruiw the diameter of «the 
rivet to be us^d * The center of the rlvit nust*be set 1n frptf the >edge a 
" distance 2 times its diameter. Ytfur allowance for the § earn, then, must be 
H;t1mes the diameter of the rIVet ,to be u^ecfc F1gur&4-47 Illustrates lap 
seams and plain lap arid corner lap layouts fdr seaming with r1vets^ ; On 
the corner, lap, allow an additional 1/16 In.wfor clearance. The "d 1 / 
represents the diameter of the rivet. N ^ * . 




fx 



Fig 4-47. Lap seams' and riveting layout, ■ / !' ^ / 

Grooved seams (fig 4-4£t). These are useful in construction of cylindrical 
objects, the two types. are. the inside 1 groove and the outside groove. The ' 
allowance for a*grooved*seam 1s 3 times the wi'dth ,(H in fig |j48) of the 
lock, one-half of this amount being added to each edge. f*or example, 1f 
you have a l/4-1n. grooved seam on completion of the seam, then you, must „ 
allow 3 times th1$ arno^t f3 x 1/4 = 3/4 in.) for the total allowance of 
material needed to\omplete the seam. The amount of material that you add 
to each end of the sheet metal for this seam is 1/2 of the total amount, 
or 3/4 x 1/2 « 3/8 in. 




Fig 4-48. Groovedf seitas 



Pittsbur gh lock seam (fig 4-49). This Is a very useful (Tomer seam wh.1ch>> 
is used to advantage 1n the .fabrication of rectangular ventilation Uner; 
elbows, and boxes. At first glance, the seam appears to be rather , 
complicated, but like lap and grooved Tseants, ft consists of only two 
pieces. The two .parts are the flanged or single edge and 'the pocket that 
forms the lock. The s pocket Is formed; the* flanged edge Is. Inserted 'Into * 
the pocket, and the projected edge 1s turned over- the Inserted flanged 
udge. The allowance for the pocket 1s'W + W'-f 3/16 Inch. v The flanged 
edge must be less than W. ■ For .example^ If you are laying out a l/4-1n, 
Pittsburgh lock, your total allowances-should be 1/4 + 1/4 +' 3/16; pr 11/16 
1h. for the pocket edge and 3/16 In. fo¥ the fVanged. edge. 
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»OCK|T CA.»T 



J PlTTliUROM LOCK 



J 



F1g 4-49- Layout of Pittsburgh lock seams, 
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(c) 



Notch cogs^uTA oh (fig 4-50). Notching 1s the last, but not the least, 
Important -Step^o be considered when you are getting ready to lay out a 
project. Before you can mark a notch, you will have to lay out a pattern mid 
add the seams, laps, or stiffening edges, ff the patterns aren't properly - 
notched, you will have trouble when ybu start forming^ assembl 1ng,. and 
finishing the job. Np rule for selecting the. proper- riotch for the *job can be* 
given. But as soon as you get to where you dfcn vlsuajlze the assembly of the 
project, you wgn't have any Rouble determining what type of notch will be m 
needed: If the n6tch Is too small, or not the proper stope, the metal will 
bulge and overlap at the seam" or edge. • If the notch 1s too large, a hole will 
appear 1n the final job, Don't%forry if the first notch you make doesn't look 
wel] or -come out §s you would like It to. This comes with practice and 
experience. One of the first that you will probably make 1s the slant notch. 
ItMs cut at a 45° angle across the corner when a single hem, 1s to meet at a 
909 angle. When you are seaming the ends of boxes, trays,, pans, etc., a 
V-notch 1s used. ; Figure 4-50 shows the step-by-step method Qf constructing a 
V-notch. Jf; however, you are going to make an Inside flange on an angle less 
than 90°, you will have to construct a modified V-notch 1n order to tiet- 

flush joints. ; W * " 





SQUARE NOTCH 





Fig 4-50.. Construction of notches. 

V 

V « 

4-27 * • " 

■ .166 



A wire notch 1$ used with a wired %dge. Its depth from the edge of the 
pattern win be one wire's diameter more than the allowance for the wire edge 
(2 1/2 d) or, 1n other words', U win be 3 1/2 times the diameter of the 
wire. The shape of the notch on the seam win depend on the type of seam 
used, which 1n figure 4-51 1s 45° for a grooved seam. 




F1g 4-51. Wire notch 1n cylindrical layout. 



c. Joining the seams . Not all, but a large majority of the seams I"*"}"*"?' «J** 
will be riveted. Rivets a reavallable 1n a variety of sizes and heads. The tinner s rivet 
shown In figure 4-52 1s the type that you will most likely come In contact with ^ It wll ,vary 
1n size from the 8-oz to the 12- lb rivet. This designation 1s the weight of 1 ,000 rivets 
(1 ,000 of the smallest size weigh 8 oz). As the weight per 1,000 ^ets Increase, the 
diameter and length of the rivets Increase. The 8-oz rivet has e*1ameter of 0.089 1n. and 
1s 5/3? 1n. long, while the 12-lb rivet has a diameter of 0.259 1n. and 1s l/2-1n. long. For 
special Jobs that require fastening several thicknesses oj metal together you w1 use a rivet 
that has an extra long shank, but the same diameter as the rivet you woul d normally use. 
Select the proper rivet size for the gage of metal you Intend to fasten. Figure 4-53 will be 
of help In selecting the proper rlvetf^ou will determine rivet spacing from the drawlna or 
ohieprlnt" If the s 9 padnS 1s not Indicated, the type of seam will Indicate the spacing Sf the 
rivets. A Job that has to be watertight w1lV have more rivets per Inch than a Job that does 
not. Whether the spacing 1s close together or far apart, be sure that you allow » <"stance_ of 
5 times the diameter of the rivet from -the edge of the ^eet when locat^g the^cen^ter lne for 
the rivet hole. When you have determined the rivet size and the location of the rivet hole, 
your next step will be to make a hole. You can either drill the hole or punch the hole. If 
the location of the hole 1s' near the edge, the hand punch Illustrated 1n figure 4-54 will 
serve to good advantage. Rivets are not always located near the edge of the sheet, and you 
may have to drill. Whether you punch or drill .the hole, reifefflber that the hale must be 
slightly larger than the'rlvet you have selected. You w1>J Use a rivet set to draw the two 
P 1e?es of metal together and head the rivet. Select two pieces of scrap mental and determine , 
the correct rivet size from figure 4-53. kay out and punch the holes. 



Fig 4-52. Tinner's rivets. 



Gage of metal 

Jt 

24 * 

22 

20 

IB 

16— 



Size of rivet 
(pounds) 

1 

2 

2 1/2 

3 .1/2 
4 



F1g 4-53. Guide for .selecting rivets*. 
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Ft() 4-54. 



The hand punch. 



(1) Select the rivet set having a hole slightly larger than the rivet dlatieter. # 

(2) ' Insert the rivets In the hol^s and rest the sheets to be joined on a stake or 

solid bench top with the rivet heads against the bench top, 

(3) Draw the sheets together t>y placing the deep hole in the rUe£ set /ver the rivet 
shank and striking the Jread of the rivet set with aj^vtfflng hmter. use a v 
lightweight hammer^ fop/small rivets and a heavier hammer for heavier rivets. 

(4Q When the sheets are\roper1y drawn together, remove the set and strike the end of- 
the rivet a blov^ from the riveting hammer to upset the rivet. Don't strike too 
hard a blow, as 1t will distort the metal around the hole. ' 

(5) Place the dished portion of the rivet set (the heading die) over the rivet and 
form the'head. One orftwo blotfsrare sufficient to form the head. A correctly 
drawn, upset, and headed rivet is illustrated in figure 4-55, Avoid the" troubles 
in the lower half of the illustration. 



CORRECT RWg-ING 



l ouawn 



r umit 
troubles 

-HMO TOO SMAiLv 



. \ HEADED 



_^HMO TOO UMU-^ 



I * I VET NOT DRAWN 



# SHUTS NOT DRAWN 



F1g 4*-55. Correct and incorrect riveting. 



Remember that it is nit hscessary to strike the rivet set with* all the power you can 
muster to r do a good rivetlngwob. Use just enough force on the hammer to do^a good sheet-* 
metal riveting job. When it^ls necessary to rivet a seam on a cylindrical object (fig 4-56), 
you can use the jfll low mandrel stake or otMer suitable bars to tyu6k the rivets* On the seams, 
insert rivets in the end holtfs, slip the piece over, the stake, and draw the seam together. 
Strike the rivets hard enough to upset the rivets enough to hold the seam together. Insert 
the center rivet, draw, upset, and head this rivet. Complete the s^firl by riveting from tb* 
'center* out to one end and then tp the other, end. Complete the job by drawing and heading each 
rivet. * * — 



V»T U*»B~ 




F1g 4-56. Riveting ;a cylindrical sect16/ 
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EXERCISE: Answer the following questions and check your responses against those 11st 
1 ^ the end of this jtudy unit. V t . s 

+ * * * * v <r 
1. The longest stretchout dimension (seams not Include'^) of a cylindrical 
ft. long and 6 1n. In diameter w4 1 1 be inches. 




1 1/2 




/ 



a. 4.71 

b. 6.0 



c 18.0 
" d. 18.8496 



2. The method used to develop a pattern of an intersected pipe Is 



a. parallel line. 

b. aijcjular. 

The methcx) used to develop a pattern of i cone. Is 



c, ra&lal 1 1ne^ . 

d. geometric. 



a., parallel line, 
b! angular. 



c. radial line. 

d . geometric. 




4. You are making a wired edge on an, 1ce cube tra'y with wire 1/16 In: in d^ 
You must allow \ ' In. for the wired edge. ^ 



3ft er . 



1/32 ' 
b. 1/16 



c. 5/32 

d. 5/16 



5, The allowance for a^Jap seam which is to be riveted with 1/8 1n. rivets' 
Is ' - Inch. 



.a, 1/8 
b. 1/4 J 

6. In makl/ilj a corner 1 
- should be 



a. 4 times the d1a 

b. 2 1/2 times r1 

c. 4 times rivet diameter, 

d. ^1/2 the lap width. 




k. 1/2 
d. 3/4 



3^ 



seam which is to riveted, your allowance for clearance 



plus 1/16 Inch, 
lam^ter. 



'-J^. If a 3/8 In. grooved seam' 1s specified, your al lowance on each edge would 
be ■ -Inch. ' 



x 



a. 3/8 

b. 9/16 



c. 3/4 

d. 1 1/8 



\8. \he type of seam used for the construction of a cylinder 1s a 



seam. 



a. grooved 

b. Pittsburgh Iock 



■ c. plain lap 
d. off set lap 



9. With reference^to tyie^pocket depth on the Pittsburgh lock seam, the width of the 
flanged edge must be \ t * t • 

* * • lL 

a. more. • ~ * c. the same. 



b. less 



%)., Rivets for a. lap 



a, 1 1/2 

b. 2 * 




d. twice the pocket depth. 

rivet diameter from the edge. 



11, When the single-hem edge 1s jtft meet at a 90° angle, the type of notch used 1s the 



a. slant. 

b. modified "V". 



c. wire. - 

d. square. 



2. If th$ Inside flange is to be constructed on an angle of less than 90° a 

type notch would be used. _ * x 



slant 
b . square 



* c. 
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13. The depth of the wire notch from the edge of the pattern will be 

*• . " * * 

-° a. 11/2 t fines the width 6f the seam. 

b. 2 times the width of the seam. 

c. 2 1/2 times the' diameter 6f the wire. _ 

d. 3 1/2 times the diameter df the wlrfe. "V 

14. The shape of a wire rtotch will depend on the 

c. type of seam. 



15, 



16. 



a. t>pe of wire 

b. size of wire 



d. size of seam. 
The tinner's rivet size 1s designated by the 

a. . weight of 1,000 rivets. % 

b. weight of 100 rivets. « 

c. diameter of rivet shank. 

d. length of the rivet shank. 

«» » 

In t]>e Illustration, the figure which shows ,the correctly drawn and headed rivet 

is - tJ ; • f 



9& SSSSS V\\\\\\Y> 

«BK WWWWV t\\\\\\\\> jwvSi 



C. 



SUMMARY REVIEW' 



In this study unit, you learned to Identify the use of Metal working Machines and 
Special Tools utilized within the Marine Corps. * 



f 



0* 



L. 



ERJC 



4-31 



170 



Answers to Study Unit #4 Exercises 
Work Unit 4-1. 

1. d. 

2. c. 



3. 
4. 
5. 
6. 



b. 
c. 

A. 

'C . 



Work Unit 4-2. 



1. 
2. 
3. 
4. 



d. 
a. 

b." 
c. 



5, c. 

6'. a. snips „ 

b. riveting tools 

c. striking tools 

d. layout tools. 

Work Unit 4-3. 



5> 



1. 


d. 


,9. 


a. 


2. 


a. 


10. 


b, 


3. 


b. 


11, 


d. 


4. 


c. 


12. 


c. 


5. 


d. 4 


13, 


c, 


6. 


a. 


14. 


b. 


7. 


c. 


15. 


> 


8. 


c . 


lfc 


a. 








b. 








c, 








d. 


< Unit 4-4. 






1. 


d.' 


,5. 


c. 


2. 


a. 


6. 


a. 


3. 


c. 


7. 


b. 


4. 


c. 


8. 


a. 



















slltf-ro U . form Ing ' .1 ' ;:e.V»a/ f ol d er t ; . y ' 
RotVy * '• ■ ' Qeep-|hrbat - bend 1 ng 

CornKe y ; ■ ; crlrtpl ng,' 
Box ar^panl^ke: ;. h. letting down 



. X •'>■■ ' v 

VV v .\ • • ■- . 
<•'.' 9v "'M ■ • v 13V d. 
.><>;> 14. c. 
/dl, a.^ 15. a. 
' 12/ d. 16. b, 
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* r ' ' STUDY UNIT 5 

• EQUIPMENT REPAIR 

STUDY UNIT OBJECTIVES: UPON SUCCESSFUL COMPLETION OF THIS STUDY UNIT YOU WILL 
IDENTIFY THE TOOLS AND PROCEDURES. FOR REPAIRING FRAMES AND BODY METALS. 

General 

All of the materials used In the manufacture of enj1r>eer/ordnance equipments as well 
as the assembled equipment, $re thoroughly tested before belrtg Issued for fjefd use* 
Therefore, most of the damage and failures of this equipment will be duetto accidents, 
overloading, or unusU&l shocks which the equipment was not designed to withstand. It 1s the * 
ctass of repair work that you/ the metalwprker and'welder, will, be doing most frequently. 
Before repairing any damaged equipment, 1t must be determined whether or not the materials can 
be satisfactorily welded or must be repaired in some other way. This {ran b<> .decided by giving 
consideration to the determinations 1 Isted below: ' * " 

Determine the nature and extent of the damage and £he. amount $f ^ratghtenlfig ana. 
fl%t1ng k of the metal that will be Required. J - *Qt 

Determine the possibility of restoring^ th<f part to usable condition without the use of 
heat. 

Determine the type of metal used 1n the damage part and, If it was heat-treaterf, what, 
method was used to do so* * „ 

Determine 1f the welding heat Will distort the shape or In' any manner 1mpal£Jfc* 
physjcalTpropertles of the part to be repaired. -* 4 *r-^7 



pal^*' 



Determine what method and materials will be required to nakS the repal 

Work Unit 5-1. METALWORKING TOOLS. $ m 

IUJ THE FOUR HANDTOOLS USED IN EQUIPMENT REPAIRS. . 

*--^For >fcpa1r1ng sheet-metal sections, you can generally get by with the minthum number 
of tooli. SjJme q>f these tools were dlscys^ed 1n Study Unit 4. *They consisted of stakes, 
punche^jhfears, and farmers. The ones th^t we are mainly Interested tn.here are these thats* 
^r^jUfOTxo restore "automotive sheet metal fuch as doors, hoods, fendery/^tc, , to^lhelr 
(tfglnafl shapes. -These tools are the dolly flocks, hammers, body' files, and disk grinders, 

a. Hammers (f1$r 5-1 ). The hammer that you will be using are by far the most fmportant 
tool* fqc resttfMng sheet met*l to Its original shape. There are many different types and 
each 1s designed for a particular ppera$1on. 

-s * \ * " 

(1) Pick hammer (fig 5-14). The pick hammer Is tapered to a point on one end and has , 
a curve to the pick so that, when \1t 1s used with the proper wrist action, the *\ 
point of the pick will strike the point at which you aim. It l^s used to raise 
surfaces which are badly dented* In most Instances,' tills hamper will be used fronT 
the underside bf tfte damaged area. s 

(2) pumping hammer (fig . This hammer Is the one that you will probablywise 

^ most. TRei^Jre^ different variations of this hammer-, SQme have short shanks (f.1J 
5-lChand^ sdme have the round head serrated (not 11 lustratedK You wj|P notice 
that one end of the'hammer has * square head and the other a round head. The 
short shank version /Shank version 1s used where working space 1s restricted. The* 
serrated version Is used where roughlna out-of badly dented sections Is ■ » -> 
necessary. These hammers are used mostly for roughing out damaged sheet metal. * 

(3) Short pick hammer (fig 5-1D). This 1s Nothing more than a tfaaller variation of 
the Jong shank pick hammer and 1s of course used where" space 1s restricted, fherq, 
are other more sophisticated bo<Jy hammers, but with these four and a rubber and, 
wooden.mallet you should be, able to accomplish most of the work necessary to 
repair a damaged section of sheet metal. " 





Fig 5-1. Body hammers. 



* 

f - 



b. Metal dollies (fig 5t2). Dolly blocks are used 1n conjunction with bumping body 
hammers to straighted out -damaged sheet metal. Dolly blocks w hand anvils are available 1n 
several types: Mft^ > low crown, toe, general-purpose, heavy-duty, and utility. Each type 1s 
used for suppo'rtlng damaged sheet metal during straightening operations. 

(1) Low crown . The low crown dolly 1$ used in areas such as door or hood pafiels where 
a medium or high crown dolly would st/etch«the metal . 

f/ 

(2) Toe Polly * Th e toe dolly (shrinking dollyj 15 used on fTat panels. Its thinness 
and length give It access to narrow pockets. The large flat face is convenient 
when shrinking metal. The flat sldfe are us/ed as a^ anvil for repairing flanges 
on metal . 

(3) General -purpose 
working faces apd two beading and flanging lips 



This is a convenient dolly to hold and has severaT^diff erent 
atnd two beading and flanging lips. It 1s the most useful of the 
dollies since lit has unlimited applications. / 



(4) UtiTity . Thfis dolly has a hiijh crown with one narrow beading edge. The'thick 

rounded sides aj^e used in short-radius curves. The high crown is used where there 
high crown area such as a fender 4 : 



*S 1s a h 

(gf. Heavy- 
/ of the 



duty . This 1s used where the extra heavier gage gf meWil resists the action 
e lighter dollies. ' ■ * 



6f Heel dolly . The heel do1ly*1s used to r^hT 
having a large radius. V 



Into sharp corners and into anVarea 



HIAVY oun 




Fig 5-2. Metal 'dollies. 
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c « My file * f1 9 5 ~ 3 '- A bod y f1le 1s used t0 smooth out the metal after the hannerlng 
operation^ Is finished. It 1s also used to cut lead and bo<ty fillers* Using light strokes on 
th* file will show, up the, high and low spots on sheet metal so that add1$|pnal raising or • 
shrinking can be d6ne. The body file consists of a file ho^er that worW on the same 
principle as the hacksaw frame and a, metal file blade whjch has rows of single-cut, curved, 
milled parallel edges. When coupled to the file holder, the blade can be made to assume the 
shape and contour of the sheet metal bqlng worked on by use of the adjusting screw. As the 
teeth of the file blade are parallel anfr are sharpened so that they can cut 1n one direction 
only, repeated dragging back on the file while under pressure only serves to dull thejwrtting 
edges of the teeth. Using light forWhrd strokes and raising the file from dontact with the- 
sheet metal at the end of each stroke w1l;l keep the teeth sharp and extend the life of the 
file blade. 



ADJUSTING SCKEW 




FILE BLADK 




d. Sanding machine 



\ 

nd abr 



Body file anrfblade. 



Isks. 



(1 ) 



Pisk sander * The cjlsji sahder normally used for sheet-metal work 1s the electric 
portable , 11 5-vol 1 , Heavy-duty disk sander-whlch is a component of the^ shop 
eflbippent repair set. ft has a right-angle drive arbor and a 7-1n. diameter 
abrasive disk. It is used to remove pa1*t and rust, to gripd out high spots, and 
to restore the original shape of the sheet metal after it has t)een either welded 
or filled with -body lead or boc(y fillers. When using the sander you should always 
wear goggles to protect your eyes frm flying particles of metal , abrasives, and i 
dust that; are always preserjt. \ 

(2) Abras ive disks . Sanding disks come in two classes, _th£ open coat and the closed 
coat. The difference is the manner in vtoich the abrasive particles are applied to 
the backing material. In the open coat disk, the abrasive 1s applied so* that 
there are spaces betwepnr the particles and the backing material that are not 
completely covered, whereas on the closed coat the back^flg material 1s so 
saturated with the abrasive material that there are nor spaces between particles. 
The backlng.m^teriaCused 1s eUher paper, cloth, or a coijbiaatlon of both. The 
abrasive material 1s usually fq|t, garnet, aluminum oxide, emery, or silicon ^ 
carbide. The material ;used to Mid the abrasive to the backing paper depends on 
the purpose for which it 1* toJre used. If the sandpaper 1s to be used with water 
or for wet sanding, the^b%y0e 1s glued to the backing material with a resin 
glue. For dry sanding puHroses, an animal glue 1s used. "/The particles are 
designed by grit size £uch as 400, 300, 200, oP 210, 310. The higher the number, 
the finer the grit; the \ower the number, the coarser the grit. 



EXERCISE: 



T 



Answer the following questions and compare your responses with those listed at the 
end of this stucty unit. 



1. Before making a welding repair to aQ^ equipment, you should 



a^j heat-treat the part, 
anneal the wel d area . 

2. To-raise the surface of a badiyflonted door 

a. rubber mallet. ' 

b. pick hamner. 



^c. Identify the type of material 
d. normalize the metal. 



panel, you would use a 



bumping body hammer, 
low crown dolly. 



3. The dolly which has unlimited applications Is the 



a. utility. ♦ 

b. low crown. 



c. heet"? 

d, general purpose. 



4. List the four types of hand tools used 1n repairing body damage, 



a* 

b. 



c. 
d. 



\y . AUTOMOTIVE EQUIPMENT 

a. Welding automotive equlpmept , 

(1) General ■ Marine Corps automotive equipment, suqh as tanks, trucks, tractors, and 
other vehicles, 1s constructed from a large nurrter of metals that are processed 
under various heat-treatjnents. The metals used Include copper alloys, carbon and 
alloy steels, titanium, aluminum, magneslim, lead, etc. The principle joining 
. processes that may be used are gas and electr1c-arc welding, brazing, and 
soldertng. The use of welding e<|u1pment and the application of welding, process to 
different metals have been covered previously *artd a thorough working knowledge of 
these processes 1s a necessity before a welding procedure for any given job can be 
selected. When* 1t has been decided by competent personnel that the repair Can be 
made by welding, the factors listed be! m should be considered: 

The proper size and type of electrode, toaether with the current settings and " 
polarity, must be determined 1f an arowelding process 1s used, -If * gas- 
weldinjf process 1s used, the proper type of weldlflg /od, the correct gas 
Assure, tip size, flux, and flame adjustment must be determined. 

In preparing edges Of plates or parts to be welded, the proper cleaning of the 
.parts to be joined should be considered. The need for backup strips /quench 
plates, tack welding, and preheating must be determined. 



Reducing warping and 
welding, control and 
parts to permit some 
deposited weld metal 



Internal stresses requires the use of proper sequence for 
proper distribution of the welding heat, spacing of the 
movement, control of the size and location of the 
beads, and proper cooling procedures'* 



(?) 



Wel ding cast Iron, cast steel, cartoon steel, and forglngs . In general, parts 
Fompbsed of these metals can be repaired by the same procedure as that us* for 
their assenMy, or by brazing. For Instance, cast Iron and cast steel may be 
repaired tfygas welding, arc welding, or by bVazlng. Parts or sections made of 
carbon steel originally assembled 1n the factory by spot, projection, or flash 
welding, may be repaired by gas or arc welding or by brazing. This 1s also true 
of forglngs! 



(3) Hftat-treajfed 



par 
:tur 



_________ Certain parts of automotive equipment are heat-treated during 

their mjrfuifacture to enable them to withstand the service for vrfHch they are 
Intended. Welding of these parts should not be attempted unless the repair shop ' 
1s equipped with suitable heat-trea t1ng/equ1 pment. In some caies, alloy steels or 
specially heat-treated parts may be repfejred by using stainless steel filler 
metal. When this 1s dofte, a heat-affected zone that 1s weaker than the original 
heat-treated part will remain 1n the vicinity of, the welded joint. Where 1t 1s 
possible to heat-treat parts after welding, they should be first annealed. Filler 
metal of the same composition of propertied as the base metal shoul d be us'ed and 



the parts should be heat-treated after^fdlng. 



(4) Welding truck components 



(a) Frames. The truck 
frame^ are 




most frequently repaired by weld1ng*1s the frame, 
y made of heat-treated alloy steel and are subjected- to 
n or twisting, and Impact loads/ A conmonly used method^ 



Truck 

high bending, , 

for repairing and strengthening a'brpken or weakened frame 'Is with reinforcing 
plates as shown 1n figure 5-4. The type of reinforcement selected depenjls op 
the locatjon of the repair and possible Interference with other elements of 
the truck. It should be noted that the ends of the reinforcing plates are not 
welded, because w^WI across /he ends of the plates will prockice hejit-affected 
areas of decreased strength /cross the bac^ and;iegs of the! channel . All 
Interfering welds arjd othej/prottuslonr shduld be grduncf ftyrth before 
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reinforcing plates are applied. These reinforcing plates should be 
approximately the. same thickness as the frame element and the width should be 
sufficient to bring the weld flush with the top and bottom sections of the 
channel/ The procedure outlined for reinforcing channels* should be followed 
when reinforcing plates are added to angles, trees, box sections, or I-beams. 
The arc-welding method is used to weld truck frames, j 

J 
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(1) Front axles . The front axles of standard automotive equipment are mactir'of heat- 
treated alloy drop forglngs. Repairs by welding fthould not be make on these axles/) 
except in an extreme emergency and then only as af temporary measure, ' / ' 

(c) Rear axle housings . These are of welded pressed steel construction of great V 
strength and simplicity of design- The pressed steel and cast-steel housing 
can be sat 1sf actor 1 ly welded by the arc method. Some of the older types of 
axle housings are mad^ from malleable irorv; housings of this type can be 

ij repaired by brazing. Castings should be kept clean and cool to prevent any 
effect on the heat-treatment or annealing 1n the vicinity of the weld. 

(d) Drive shafts . Drive shafts are usually made out of medium "carbon seamless 
tubing and are readily welded by either the electr1c-arc or gas-weld1ng method, 

(e> Radiators , Radiators can be repaired "With an oxyacetylene torch with a proper 1 
tip, coninon 50-50 solder, and a flux. The flame should be adjusted to give a 
; highly carburlzing mixture. The area* around the leaks 1n the copper tubes ' 
should be thoroughly„cleaned r preferably with a 5% solution of hydrochloric 
acid, and tinned before the Jb1rir^1s made in order to assure a tight joint. 4 
Where a lejik Is present at joints between copper and cast iroh, the surface' 
should be picloled before the repair 1s made. This 1s done by applying a 5% 
hydrochloric add solution to the iroh at, the joint and heating until the iron 
is 1 thoroughly cleaned. This, tr^jtment removes surface oxides, scale, and 
other Impurities and makes the Iron capable of being tinned as readily as the 
•copper. 
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b. Tractor repairs . Except for the frames and suspensions, the construction of the* 
'tractors Is about the same as for commercial trucks. The metal used for crankcase ViouslngtY 

transmission, differentials, main frames, and track frames can be repaired by yie electric-arc 
or the gas-welding method. The rollers and Idlers can be built up with hard-surface alloys to 
extend their life usage. The cutting edges on the blades can also be hard-surfaced to prolon 
the life of cutting edges, . 

c. Welding artillery equipment . When weldlrjg artillery equipment, the low- and medium- 
carbon steels can be satisfactorily welded with mild steel electrodes or welding rods and, ' 
where 1t Is necessary, severely damaged sections can be strengthened\w1th suitable reinforcing 
plates. Trails that have been bent out of shape and cracked should first be straightened by 
the careful -application of heat. The cracks should be welded and ground flush before - , 
reinforcing plates are applied. The reinforcing plates should be thick enough to provide the 
necessary strength without making the structure too stiff. Only the seams running along the 
length of the trail should be welded on all reinforcing plates; the ends of the plates are 
left unwelded. Welding the ends would simply transfer to the welded ends of the reinforcing 
plates the conditions existing 1n the welded \jo1nt before the .reinforcing was added. This 
would result In weakness at this section and would defeat the purpose of the reinforcing 
plate. Trails constructed of structural nickel alloy steels are deslgrled for lightness and 
are specially treated for maximum strength. Welding steels of .this nature presents ^jnore 
difficult problem. The top carriages or cradles should not ba^welded. Other structyral 
members can be welded when approved by the proper authorities^ Field repairs can be made by 
proper preheating; welding with a nickel alloy, 25-20 stainless steels, or modified 18-8 
stainless-steel electrodes; "and finally, by slow cooling and uniform stress-relieving 
heat-treatmeftt where possible. For, many applications, welds can be made with these stalriless- 
steel electrodes without preheating. 

d. Tank repairs . Armor plate is used for the protection of personnel and equipment In 
tanks, self -pro pel led guns, and other combat vehicles. Industrial manufacture of gun turrets 
.and combat tank hulls Includes designs using 1-piece' castings and "welded assemblies of cast 
sections and rolled plates which are selectively heat-treatjfd to develop desired properties. 
In certain cases; cast sections using the l-p1ece design ar*e bolted In place to facilitate the 
requirements of maintenance through unit replacement.* Armor plate 1s an a1r-hardened alloy 
steel, which means that it will harden by normalizing or heatjng tcr^ts upper critical point 
Smd<ool1ng in still air. The extremely high temperatures that occur m^the area of the 
welded joint will cause a narrow zone on each side of the weld deposit to form a 'hard and ( 
brittle zone, it is In this zone that cracks are more likely to appear as "a result of the 
sudden application of loads. For this reason, special precautions must be taken in the 
welding operations to minimize the formation*^ these hard zones and to limit their effect. on 
the structural properties of the welded armor.-. In order to prevent th& formation of cracks 1n 
these hard zones, care .must be taken to prevent rapid cooling after welding. The two types of 
armor. plate used 1n combat vehicles are face-hardened (rolled) and homogeneous (cast or 
rolled). It is necessary, before any welding operations are performed, that the^armor be 
specifically identified, as -there are different welding procedures for the two different types 

"of metals. Homogeneous ^armor 1s heat-treated throughout Its entire thickness to developjjood 

*shock or impact resistance. It 1s uniform 1n hardness, •composition, and structure and c^ft be 
welded from either side. Face-hardened armbr plate, as 1U name Implies, has an extremely 
hard surface V-ayer obtained by carburizittg, which extends to a" depth of 1/5 to 1/4 of the 
outward facing .thickness of the plate. The primary purpose of. this' 1s to provide goo£ 
resistance to penetration* The Inner side 1s comparatively soft and has properties similar to 
those of homogeneous steel. Face-hardened steel up to thicknesses of 1/2 1n. should be welded 
frqpi the soft side onl^(. The test for Identifying the type 6f armor is simple but accurate. 
A'flle will bite Into Wa^h^ldes^f the homogeneous steel, whereas it will bite only Into the^ 
soft side of/the f ace-har3ened Steel. When appTled to the hardened side, the file will slip * 
and noUbite into the metal. The most satisfactory method for repair of hori^geneous and face- 
hardened steel Is electric-ire weldlng-with stainless-steel electrodes. The ojyacetylene 
process requires heating of a large section of the basemetal on either side of the prepared 
joint 1n order to' maintain a welding puddle of stiff ic1ent\s1ze at- the joint. This heating 
destroys the heat-treatment imparted to the armor,plate thus causing large areas to .become 
structurally weak. In* addltion^thls procedure 1s slow and produces considerable warpage In", 
the welded sections. Electrode^containlng 18* chromium and 8% nickel 1n the core wire and . 
small percentages of either manganese or molybdenum, or both; added -1n the electrode coating, 
produce good results. These electrodes are recommended, Ifrr welding all types of armor pi Ste • 

, by the electric-arc process without preheating or postheatlng the structure to be welded. 
They should be a11-we1d1ng position type. ■ These electrodes are kridWruas manganese modified 
18-8 *tairfles$-stee1 electrodes. ' The recommended welding current- setting shown below are fdr 
the direct-current, reverse-polarity, afl-positfon ^heavy-coated modified 18-8 st^ih^ss-Step 1 

• electrodes. 'The exact current settings-will be governed by the joint design-arid posi" 4 
gelding. , . * 



Electrode diam (1n.) 



Current range (amps) 



1/8 
5/32 
3/ 16 



P 



90 to 100 
110 to 130 
150 toJ80 



EXERCISE: Answer the following questions and compare yWr responses against those listed at 
the end of this study unit. , * , u 

1. The repairs that can be made in the field without heat-treating by^&xyacetylene is 

a. cracked" transmission housing. • , * 

b. broken diesel engine* connecting rod. * 

c. broken truqk tr f aris miss iOn* gear . t . - 

d. broken leaf, spring. 

2. In the diagram below', the reinforcement plate should be welded at 




" 4. 



,a. 1 and 2. 

b. 2 and 4. 

c. 3 and 4. 

d. 1, 2^3, and 4 

The method you should use to repair a radiator core ^is 

< • 

a. soldering. c. fusion welding. 

b. brazing., d. arc-welding. 

The method, if arty, to weld the cradle of ftn artillery piece is 

a. soldering. c. brazing.,. 

b. ^electric arc. d. none recommended. * s 



\ 



5. Thfc primary purpose of 



fajce- 



hardened armor is to 



a. resist corrosion. • x " c. make welding easier. 

• ' b. provide stronger construction, d. provide resistance to penetration. 

Work Unit 5-3. REPAIRfNG BODf DAMAGE . * ' m S 

LIST'TKE FOUR PROCEDURES TOR' REPAIRING BODY DAMAGE* ^ . 

^ Body repairs include straightening of body panels", replacing body parts, and \ 
repainting. Since the War ine Corps areas of , operations afe -usually .located wherp severe ) 
climate conditions exist, such* as -near salt water or in sandy^ hot areas, vehic^s ai*e subject 
to intense deterioration. P6r example, saltwater will Vapjdlgjirust body panels. Much of our 
equipment sooner or la*ter will find its way aboard" ships- for ovlrs;ea$ deployment and, as a 
result of th1s*sa,lt-wat^r corrosion and sh i pp.1 ng damages are aTso ;? prevalent. Another great , 
cause of body damage is/" of course* accidents. t All* thaT is requirted. to repair a damaged papt x 
is the necessary tools and the required .skills* In cases where severe, body damage exists, it 
may be mane economical and- expedient toVeplace the* part rather than repair ft/tjo help you 
decide when this is the case, some <}f the^follOwIng questions should be answered? 

■ p . : \ ' : ' ' * \ J 

• "\ . Urgency of the job Will it take longer' to repair a r ba<jHy damaged sept lorv, than it 

/ * will 'to replace it? * • / 

What ,1$ the availability <Jf repair, parts? v 1 • K . 

What is the availability. of the. men ang^quipment to do the Repair job? |< - 

The Speed and eaSe with which ^repairs are^made to damaged areas depends on. starting the job 
correctly." When a collision occurs, 'there will always be a major ^epre^sion in the panel 
folldwed by a buckl%d area and* then by a series of ridges,. The correct procedure .to repair - 
this Jamage \% to reverse tlje order in which the damage Occurred, To help you understand this 
procedure, refer to figure -5-5 and' the fallowing* discussion. Assume that the original form of 

1 • " . 5-7 ' . * >" ' .'\ : * 



the panel In thvWustrfrfcion Is the solid line designated 1. The depression formed as a 
result of a collfMbn 1s t\> broken line 2. This 1s Where the panel was struck, and 4he ridge 
formed a-.^To r#urn this pYtel to Its original shape and 'contour, the work, or course, must 
be rever5J%|m*t 1s A the rVdge (3) must^e where the work starts. By hammering at the area 
Indicated* bjW,\ th1< ridge will "be forced 'down and >you will find as 1t 1s removed, the major 
depression' (2) will also spring back close, to its" priginal jcontour. The remaning dents can 
• be removed with a. doMy block and hammer. Select a dolly block with the same general shape or 
ciuprature as the panel. Hold tfle block under, the panel and strike the high points of the 
dent's with thehaWner. Always usVlight hamjwe'r blows, a.s heavier blows tend to stretch .the 
metal. Continue* to, do thi<$ until Ch^^den^r ippear to be gone. Use a body file across the 
surface' and take light cuts. These wlTTshoW you. the high and low spots. The spots that take 
the heaviest cuts still-need more dolly and, hammer work. The light high spots that .cannot be 
removed with dqjl,y and hammer can usaallybe removed with the disk sander. 

yJ ' i '■ 



r- 




Fig 5-5. Removing dent from damaged panel. 

- ■ . • '. t 



i. Bump4ng and dinging .' Bumping is the restoration of damaged areas without .regard to 
the finished pafnted surfaces. Dinging,- on the other hand, is remoyal of dents without - 
damaging the finish so as not to have t o re£in isj»Uhe^ surface. Dinging is a highly skilled, 
craft requiring years of exper ienCe.to flB^^a%M£ without marring the finlsb of a paneU 
For our purpose rarely will there be'a c5$e%H«re If dent wijl hafa to be«removed without § , 
repainting the^damaged area JfW the terms a^ u£ed here wrl/l be synonymous. To use the dolly 
bTocks with a bumping hjxmm^jf, 0ie 
tnderside) with orie hand. 



a uu.np.ny .^„.,^ , Je block i s 1 el d aga ins %^ qi\e side of the panel (usually thtf 
<ith orie hand. IThe other hand. is useSto strike the opposite sJde with the . ( 
h-anmer* As the blow is struck, the dolly rebourrds slightly from the panef; but returns 



In position for the nept-blj 



immediately because of the pressure* exerted by your hand. 

' ' ' " the ham * " 

ly (fig 5'-6).T Dinging on 
qla 



(1) pinging on the doll 
the dolly means 



of the hammer C 

6)'.^ Dir. 
IHjTancing or slappirvg bjow 
■ of the body hammer on top>bf sheet metal, 
▼with the dotly block held direct 1 / belpw. the 

hammer Blow. The result Qf thi^ ttocess is 
• that the njeta] is 1r.oped smooth between the < 
work in a 'faces of the block % andViamrter/ £ach 
6low dings an area or -spot about 3/Q in. in 
diameter. * Succeeding blows, should be* struck 
so that one spot overlaps tte previous ' V \ 
spot. Ding a rotf af spots .across the 
damaged area x next ding another row adjacent 
*„t6 the fjrst row, and sp on, until the 
damaged are?" is covered with 'parallel rows 
of spots. This stretches the mefral very 
slightly. Th£ Ipw crotfrr hammer face 
striking against the, do]ly f which closely 
fits the-contours 6f the panel, minimizes, 
the stretphing 



As the dolly retj^ns, it v is placed 




12) 



Djnging off the dolly .', The high *r 
dr the Dddy. hammer 7s! used an/I the 



1 



ig 5-6.. Dinging on the dolly. 



frown face* 
Blows are 

directed agajnst tWe rfln of the dept. The* 
dolly block is held against the bottom of* 
th4 dent pressure is eierted to fojfce 



the*aent outj as lliustrat 



in gijre 5- 
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„fia 5-7. Dinging o>f the* Iblly* 
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(3) U|1ng thi body hammer (fig 5-8). The hammer 
£ blow u$*d in dining. Is not'a follow through 
* blow spth as ysed wnen driving nails. ^ The 
hafTfjwr must be held loosely and swung with a 
- wrist action, producing a slapping blovr. 
Figure 5-8 shows the path through which the 
hammer travels. The average number of blows 
per minute Is 120- In a regular rhythm.^ As" 
each succeeding blow 1s struck, the hammer 
+ rebounds as shj>wn. It 4s then lifted by 
wris^ action to a point high enough to start' 
the next blow. Then, by a snap of the * 
wrist, the ,haniner, descends for the next 
blow. At no kVme 1s the hammer gripped, 
firmly. The fingers are used to guide and 
control the jammer jfft the beginning and n\ 
the end of the hlow. During the downward 
and upward path, of the hammer head, the egd 
o4 the ihandle'noveSN^rqutfjn ^ Short- arc and 
tne hand by conf1nued\wr # lfet action follows * 
*along loosely hoi ding handle and ready 
7 to grasp 1t more> firmly at the end of the 
* rebound. This operation requires skill ; , but 
can bte acquired with a* little practice. 



4* 




Fig 5-8. 



Using a 
hammer. 



bumping body 



b. Shrinking sheet metal (fig 5-9). When a panel has been damaged so that 1t 1s 
peWwnently stretched, 1 1 will , .after*1t 1s restored to shape^ bje too-high 1n the stretched 
area. < It cannot be dinged down since there 1s no place for the metal to go- Jt rftust^e 
shrunk. Shrinking should always be done following the metal bumping and before the metal is 
finished. Basically ', the- shrinking opwatlpn 1s simply done \)y heating a small spot 1n the 
center of the 'Stretched .area and then upsetting the stretched mefcal 1nto A th1s heated spot, 
making It thick er.i Shrink a 'stretched area 1n sheet metal by using a si/i table torch wjth a 
smpll tip. Heat a spot 3/.&1n. 1n dla^Jter to a little past cherry red 1n~the center of the 
stretched area (fig 5-9 f. Jhe heat expancls the metal In the entire stretched ^ areavwhlle the 
spdt Itself rises 1ntp a low peak. Use cay^ to avoid burning <a hole In the metal .f^fter the 
spot turns ^cherry red, remove the. torch and strike the spot with a hard blow from the bumplrtg 
body hammer tp drive the spot down. The hammer blow upsets the hot metal arrd 1s the 
mechanical Action wh 1th shrinks, the metal* The^spot will now form a crater Instead of a 
peak. ,-Very quickly, holcfa dolly block up against the bottom of the crater. At the same 
time, tap down trie r1m of, the crater with the^body hammer. This is simply a "dinging off\he, 
dolly" operation to smooth the spot to the proper level befo,re r metal finishing.., The expansion 
1n the metal, durljig*th1s operation. When dlri'glng the upset metal smooth, ffse a tpw crown 
dolly 'bloek under! xr<5wn metal, and a high crown >dolly blox:k under high crown' metal . - 
F4n*lly, With a wet, waters soaked, sponge, chill or quench the* area about »6 Inches* 1n diameter 
around, the spot.^Th1s chill1q[g draws the ^expansion out j5f the rofetaV very quickly,. Continue, 
to §|ir'ink additional spDts until the contour Of the panel ^1n, proper shape, as determined by 
* fueling with* the hand or examining by sight. * . ' * 
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Fig 5-9. Shr 1 rik ing -sheet metal 



c. Applyi ng body finery. When b<xty panels have rusted through or have been dented* 1n 
such a mannVttat itTs Yxtremtfly difficult to remove these dents, the damage can be repaired 
hy witting out the damaged "&rea tin the ca?e of'rust^ and welding 1n a hew section of sheet 
metal, or by using one of -the mariy commercial methodsj^hat have been developed over the 
years. The two methodic will discuss are the lead sol der met hod, which 1s probably the 
% oldest method used to repair damaged bodies, and the plas^c bo^ % f111er . The solder method 
JLt^tery effective when properly used and applied. Thfe plastjc-body filler;, the neatest method 
and the one used*most by h.odymeYi today, 1s the easier of the two to appty even by the 
Inexperienced man, and dQtfs- a. v£ry satisfactory joh proved that the manuf acturer's 
.instructions are- followed. Whichever method ts used, th^jMJrface of tWP'Sheet metal must 
first be prepared and^ cleaned of all foreign materials anfrthe paints must be removed down to 
the "metal surface itself. 1 

(1) Lead. This 1s the most difficult to apply and takes considerable skill- Lead • , 
soRer'ls used extensively for* filling smal? dents and smoothing rough surfaces 
which arp difficult to straighten. The only prerequisite for > sol dering 1s to be ^ 
certain that the damaged area Is thoroughly cleaned so that the tinning of the 
surface can be accbmpl Ished. Tinning Is necessary to prepare the surface so that 

* v^ien the solder-1s applied it w111*stay. * , 

^ ^ -> • * 

^ . 1st step:\ Cleaning . To remove all paints and surface oxides from the damaged 

.^J* " area, us© an open-coat 16fl aluminum oxfcle sanding disk. Sand the area until the 

metal 1s "clean and shlnlngT ^\ " 

2nd step: Preheati no . After you have prepared the surface 4;o<r^fe1ve the solder, 
usd arT o*yacetyvlene B Weft fe^ preheat *the surface by playing 1t back and forth over • 
■ the damaged area.. Use an add'-core solder (this Is ea-sler as the flux 1s 
P contained in^the cfcoterof* the solder) and 'h£at the surfac? until the solder 

Hie1t$ when 1t qonfes 1n contact with the surface*. Apply "the solder to th e surface * 

* with a rag and smear 1t cNpr the surface of the- damaged area. • v * ; 

Note concernlny hull ding up of damaged' area (thq 3rd step) * Nbw you are ready \ 
for the thircks tep, x Artf<*/ls to apply colder and buil(f up the Managed .area - /> 
{ *' slightly hlghdr than .the original^ contour of the panel.. To fill .this ar^^ 

you can pontinue' to use the roll solder„or ftar solder.* The rolj. solder^cfmes - 
in different sizes and 1s obtained by the pouftd. The bar or "stick", solder 1s J 
obtained by the stick and 1s Identified by numbers- which indicate the amount, 
of tin and lead; for example', 30/79 Indicate* so*l^er containing 30% tin and 1 
■ 70% lead. \he first, number is jtrtways the percentage, of tin. / ■ 



3rd step,* if using har* sol&r. When using bar solder to fill. In (the area of 
damage, after you have properly tinned the surffW^pu keep the surface hot 
playing the torch over i\ Heat the* Bar of solder wfth the torch until abqu,t \ t 



playing the torch over i\ Heat the* Bar of solder w^h the torch until abqu,t 1/4 
to 1. inch of 1t starts to melt and droop, then press th1^ on the damaged area. 
Build the surface up in this manner until you obtain the desired height. You will 
want the' solder-to be slightly higher thart the original contour of the sheet metal 
■on vrt)1ch yoli are working. 7 * * ' 



> 



3rd step, if using, ro l l sol der . ' When building up with the roll* solder*, you keep 
the sheet metal just not enourt to keep the tinning'coJt' soft, but not hot enoughs ■ 
that the tinning coa't will melr and run. 'Apply the torch-to the solder until it 
begins, to melt $id droop, 'then quickly press {Von* the met^JL surface. B,u11d the 
surface 1n*th1s manner untit the.desired height 1s reached.^ 

4th step: Paddlin g. When you have applied enough sold&ry using either the b s ar or 
roil method of step 3, -go Jo the next step and smooth put the solder and'establish 
a contobr confohning to that which you are working on.* "This 1s done by "paddling." 
The Surface, which 1s now (#vei*ed with solder^ is kept at a temperature that 
just tvelow the working s&gtf of the sfclder by using the torch., The, area whlch'you 
are notf going to work on is heated, to bring the solder up to a. workable stage v and f £*V^ 
with a solder paddle, you smooth r the solder and shape it to the desired contour. ^\^C, 
^You keep the torch on the "Sf>ot t^«t you are working on only long enough to heat ■ f 1! * 
- the ?older7to a working stage, then 'remove 1t. If the solder is allowed to melW ^ ^ 
and run* the whole rebuilding opera1|pn^wil 1 tifve to b.e startedsover. The p\ddVe ,, " <; \ . 
* surface should be kept 11'ghtly coatflP with oil -to prevent the solder fr;om stacking 

• to ft. ■ ^ . - ^ • k / ' * .: * 

^ 5^th step: Allow to coo K After yoir have smoothed the area f and obtained (h^ ^> - . 

contour, you allow the sdlder to rool . > 1 , t> \* '« v . *• 
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6th step: Finish with a body f 1 1e . After the solder 1s cold, the next step Is to 

finish the folder are* with a body file. Do not use a disk, sander for this 

operation. Finish the ar/a by working the outside edges first and then working 

the center until the correct contour Is obtained. ' 

(2) Plastic body putties . One of the newest and easlest^methods of patching and 

filling dents Is using plastic body putties. These are puttylike substances that 
when mixed with a catalyst, which is furnished with the putty, set up a chemical - 
action and convert the putty Into a hard^ plastic finish which can be fVled, 
sanded, and even drilled. When sanding with a disk sander, you should wear a 
respirator as the fine particles that emanate from the plastic are harmful to the 
lungs. Since Al takes only a few minutes 'for the putty to dry, you should mix 
only^that amodnt wh1ch„can be used before 1t hardens. Most puttles^show a color 
, change when mixed with the hardener and this ctranaa-w1U show you whether or not 
the putty 1s mixed thoroughly. Mixing 1s best dorre on a smooth surface, such as a 
sheet of glaH or a piece of metal. After the putty 1s mi-xed, 1t 1s applied with 
a putty knlfe'or a piece of hard rubber using a "squeegee" action, by wiping the 
putty over the area to be repaired- If the dent to be filled 1s deep, the. putty 
should be applied 1n thin layers to allow each layer to dry sufficiently. If 
holes are encountered 1n the metal, they c$n be fllle^ by backing up the putty 
with a p1(»ce of ordinary sareen wire. Jhis allows the putty to penetrate the 
holes 1n the screen >Hre ant serves as a base for adhesion. The build-up area 
* should be filled sllgljtlv higher than the original contour to allow for filing $md 
sanding. If, after fl-fcmg and sanding, small pits are still present, a "glazing 
putty" can be used to fill these small pits (this Is also done when filling with 
solder). It Is wiped on with a putty knife or rubber squeegee. To allow- for 
/landing, this should also be applied to- a slightly higher than original contour.* 

d. Ffn1shed~s*urfice preparation . After all body work 1s completed and all t rebu11t areas 
are smooth, the next /step Is to prepare the surface for patntlfig. In cases wherfc body work 
has b?en performed, thesfe surfaces will have to be painted with a prlmer-surfacer. This Is 
applfed with a spr*ay paint gun, and seyeral coats are used to build up the areS so that when 
It^fs sanded, no bare metal will be showing. To prepare the surface for paint, go over 1t 
with a No. 320 grit waterproof paper, and wet-sand the surface. Kfeep the paper wet by playing 
j^water hose over the area bejng sarrde<L This will not only kefcp thevpatnt from building up 
orr uhe sandpaper, but will also prolongTthe life of the paper. If only spot repair Is to be 
painted, the old paint must be sanded and featheredged. To f eatheredge fa spot job, use a No. 
240 grit waterproof paper on a rubber block, Sand the area until vit T$ smooth and the edges 



of the old pairU are featheredged. TWi Is accompanied when yoi 
x>f primer and^alnt 1n a step formation. * After the surface has 



vie i ^ amuuiii emu liic cuyc:> 

see' the different layers 
3een sanded and "1s smooth % it 



has to t>e cleaned of * al 1 sanding resTduel W1"pe the surface cledn, using a clean cloth $md an" 



j|1r gun to remove all traces of dirt and dust from crevices, etc 
^Grooved by %1p1ng the surface with a clean sAafh dipped in a spe 



Wax particles must be 
:1al solvent designed for wax 



removal. After wiping the surface, avpid torching it with your hands. Apply several coats of 

surface primer.^arid lilloy to dry. When dry, this will have to be ^et- sanded and cleaned. 

EXERCISE: Answer the £pllowing questions and check your responses' against those listed at 
therend of tills study unit. 

* ■■• : 

1. The'flrst step In Repairing the damaged metal illustrated below is to apply 
I pressure ' , 




a. ' at point , B I by hammering at point 'B'. 4 

b. by hamnerlng at -point 'C*. 

c. by hammering at point 'A*. ■ / 

d k at point 'B* "while hammering at point 'A' 



2. The second step in repairing the damaged metal illustrated tn question \liis 

« * 

a. dinging, using Jight hammer blows. 

b. dinging, using heavy hammer blows. ^ % " 5 
jf c. to* apply, pressure at point ''A 1 * v ' 

* .d. 'dinging, with hanrter and cffilly block. „ 
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3, The best method to use 1n removing the dent Illustrated Is 



a. dinging off the 

I), dinging on the doJJy^ 

c/ d1rtg1ng'w1th ojily a hammer : 

d. dinging from the underside wi 




umplng hammer. 



4,- When shrinking sheet metal _us1ng an oxyacetylene torch t you should heat a spot of 
approximately 1nch(s) *1n diameter In the center of the stretched area. 



a. 



1/4 

3/8 



c. * 1 

d. 6 



A small dent Which Is difficult to straighten should be filled with 

a. lead solder. v t ' c. plexlglas. 

b. fiberglass. d. liquid metal. 




6. If a bar of sol 

a. 40% lead and*T>0% zlrtc. 

b. 40% solder ,and gO% .lead. 

c. -40% Solder and "ot tin. 

d. 40% tin and 60* lead. 



has the numbers 40/60*on ^t, you would know that It 1$ made 



7. After you have featheredged a surfa^* *1t should be 

a. sandblasted and coated wjfch lubrjitat. 

. b. oiled. * • **m> 

c. cleaned using a clean cloth and an alrgun, 

d. primed. 



8. List the^four procedures (steps) for repairing body 'damage 

a. 
< b. 
c. 
.d. 



SUMMARY REVIEW 



In this study unit you learned to identify the tool* and procedures for repairing 
frames and body metals. ^ 



\ 
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t 



'•V. 



Ans-tGrs to Study Unit #5 Exercises 
Work"" it 5-l_ J ' t 

. 1. c 

2. b. 

3. d. 

4. a. Hantners 

b. Metal dollies, 

c. Body file 

0t> , d. Sanding Machine' 

Work*Un1t 5„2 

/ ^ 1. ^. 

V 2. b; 

3. a. 

4/ d. . 

5. d. 

Work Unit 5-3 



1- c. 5.^a,- 

2. d. 6, ,d. * 

3. ' a. 7. c. « 

4. b. 8. a. Bumping and dinging ' 

b. % Shrinking sheet metal 

c. Applying body fillers 

d. Finished-surface preparation 
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STUDY UHIT 6 ^ 
WELDING SYMBOLS 
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STUDY UNIT OBJECTIVE: UPON«»CCESSEUL COMPLETION OF THIS STUDY UNIT, YOU WILL 
IOENTIFY THE WELDING SYMBOLS STANDARDIZED BY THE AMERICAN WELDING SOCIETY AND THE 
DEPARTMENT OF DEFENSE. * ' ' 



Work Unit. 6-1. ELEMENTS OF A WELDING SYMBOL 



IDENTIFY THE EIGHT, WFLDING SYMBOLS. 

Wei ding, symbols are the means by which information 1s placed on drawings for the 
guldafffce of welders and construction* personnel . Special symbols showing the kinds of welds to 
be used have been standardized by the American Welding Society- and <the Department of Defense 
"and apply td all types of welding. The symbols are .placed on horizontal lines (reference 
14nes) 1n open space* on the drawing. The reference line of the welding symbo\ (fig 6-1) l£ 
used to designate the welding process to be used; Its location, dimensions, extent, and 
contour; and other supplementary -Information. When necessary, a tall 1s attached to the 
reference line and used to provldp sped f1c % notations , Arrowhead-tipped lines Indicate the 
location of the welds. If the weld 1s to be on the arrow side of a joint, the symbol Is, 
placed on the lower side of the reference line; 1f-the weld 1s to be made opposite the arrow, 
the symbol fs placed above the reference line. If the - weld 1s to be made at the place of 
Installation, after the'structure has been built 1n the shop, the field weld symbol Is placed 
on the reference line. Welding symbols provide the means by vrfilch complete Information 1s 
placed on drawings. The guide 1n figure 6-1 shows the relative location of all syntbbls that, 
may be used to describe a VMjrtd. Often only parts of the system ar» used, but even then the 
Information' 1s conveyed 1n Standard taaguage. ^ v 

The Army and Havy standard ,for wel dlngi symbol s mafcef a distinction between the terms 
wel d symbol and wel ding symbol . The assembled wel cflng symbol cor^sts of eight elements or 
any of "these elements as Is necessary. They are the reference, line, arrow, bas*1c weld symbol, 
dimensions and other data, supplementary symbols v , tall, and the specification, process, or 
other reference. The location of the eletnents of a welding symbol with respectvto each other 
1|pshoi*i In figure 6-1. The wel d symbol 1s that figure that 1s used to *1nd1cate\the desired 
fc type of wel d, as described 1n the following paragraph. ^ ' ' * 
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Fig 6-1. Standard location of elements* on a weldtn'g, syftbol ... 



^ ft * 

EXERCISE: Identify, the symbol s*r , with their .correct position 1n diagram* Chetk your 
responses with those V^ted jt the end of this sjturty unlt^ ■ - » ^ ' 
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1 . 
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3. 
4. . 



Reference 11np 
Arrow 

Basic wel d symbol 
.Dimensions " 
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5. Supplementary symbols 

6. Tall 

7. Specification 

8. Process 

•• r 




Work Unit 6-^. BASIC WELD SYMBOLS 

IDENTIFY THE WELDING SYMBOLS. 

These weld symbols are used to Indicate the welding process used 1n metal jolping 
Operations, whether the weld 1s localized or all around, and to Indicate the contour of the 
welds (figs 6-2 through 6-4). Since no specific weld Symbols have been devised or assigned 
for brazing or fqirge, thermit, induction, and flow welding processes, f the tail of the welding 
symbol is used to designate which process 1s to be used, together with specifications," 
procedures or other supplementary information "required in making the welds. 
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TYPE OF WELD 


BCAD 


FILLET 


PLUG 
OR 
SLOT 


* GROOVE ' V 


SQUAR6 


V 


" BEVEL 


u 


J 






w 




V 


V. 







F1g 6-2. Basic arc- and gas-weld symbols. 







. TYPE OF WELD 






t 
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SPOT , * 


# PROJECTION 


p 

SEAM 


Or 

UPSET 






71 

X 




>00< 


1 • 

» 






Fig 6-3. 
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Basic resistance weld symbols 






WELD 
-ALL 
AROUND 


FIELD 


CONTOUR 






WELD 


FLUSH 


CONVEX 


_ # • 






• 


*t — * * 
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#r* E*g 6-4..* Supplementary symbols. 

■ »i x. < 

a. Location of wefd symbols on wplding Ke^cenoe line . • ' * . 

■ , : : - ~ ■■ ■ 7~ ." • -,.*•» ' , 

^ (1) Arrow side of the-jol-nt (fig 6-5). Weld* on the arrow side of the jotot. ar*, , ' 
Indicated by the weld syriibol on **re side of the referenced line toward -the reader.- 1 ; 



k * 



FI9 6kt5^. Weld symboyon thenar row '.side of the joint. 



-1 -) 
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(2) Other side of the Joint (fig 6-6 
Indicated by the weld symbol* on 
reader. 




on the other side of tlfc^jolnt are 

f the reference line away from the 




Fig 6*6. Weld symbol on the other side of the joint 



13) Both sides of the Joint (fig 6*7). Welds on both sides of.tfce jolnf^are 1nd)cated 
by the we l d symbols on both sides of the reference line. In all of these cjses 
concerning the reference line, the location of the weld symbol on the reference 
line denotes the position of the weld In reference to ^he Mne as-shown 1n figure 
6-7B. Also shown In B 1s a combination of more than one type of weld used on that 
particular joint. 




SINGLE J-GROOVe.* 
ANO FILLET 
WELD SYMBOL 



SINGLE- 
BEVEL d«OOVt 
AND 'DOUBLE- 
FILLET WELD 
SYMBOL 




DESIRED 
WELDS 




DESIRED 
WELDS 



A. Symbols on both s'ides. 



B. Position of symbols on reference line. 



Fig 6-7.^ Weld on both sides of the joint and position of the weld. 



Fillet welding symbols . 



(1) 



Size of the fi llet weld (fig 6-8). The size of the fillet weld Is shown at the 
left of the 1 fillet weld% ymbol. If welds of the same size are on both sides of 
the joint, the weld symbol Is placed as shown lap, but the weld size 1s shown on 
one side only. If the fillet welds on opposltelides of the joint differ in size, 
the sizes and the sides oh which they are located are indicated &5> shown #n figure 
6-8. When the leg lengths of a fillet weld are not the same, thr'requlred 
measurement oJf the weld symbol Is as shown in figure 6-8B. W « 

(2h Length and s pacing of fillet welds . The length of a fillet weld, Jen Indicated 
; Fn the Melding- symbol, Is placed to the. right pf the weld" symbol as shown In 
figure 6-8C. The. .dimension of an Intermittent weld is indicated by showing the* 
length ofnhe weld to the right of the symbol, followed.by the distance between 
centers of the weld. A chain Intermlttenfweld Is shown In figure 6-8C. The 
first figure Indicates the'length of t*e weld and the second figure indicates the 
spacing between th$ weld centers. Whei) fillet weldjng extends the full distance 
betwe'en abrupt changes in the directlo/i of the welding, no length dimensions are 
shown on the welding symbol (A and B, fig 6-8). 
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(3) 



Flq 6«B. Fillet welds symbols. 

. /' . 

Fillet weld contours (fig 6-9). Fillet welds' that are to be welded approximately 
flat-faced without any subsequent finishing operation are Indicated by the 
addition of the flush-contour symbol (fig 6-4) to the weld symbol (fig 6-9A) . 
Fillet welds that. are made flat-faced by mechanical means are shown by the , \ * 
addition of the flush-contour symbol and the user's standard finish symbol to the 
weld symbol (fig 6-9B). Fillet welds that are to be finished to a convex contour 
by mechanical means are Indicated by the addition of both the convex-contour 



symbol and the user's standard finish symbol to the weld symbol 



V 




6-9C). 




c* Groove welding symbols . 



Fig 6-9. Contour syjrobols 



41) General dlmmensions of groove welds (fig 6-10). The size of a groove weld Is-' 
shown oh the same.sfde of the refererlce line as the weld symbols (A, B, *Snd C, Fig 
6 -ift)<~- When -up general note governing the d'fmejis1ens> of groove welds is usdd and 
when both welds fiawe the same^dJiftensloQS, one'br both miy bejdlmensions, oheV 
both jnay beJ^ifliefisibM'd (0 and E, fig 6-10)'. When the dimensions of the welds 
differ, battTare d1me^nrH|ned (F, Tig 6^10). When both -welds have dimensions 
go/erned^y a note ? "neither 1s shown on the^ symbol . 
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(2) Size of groove welds . The size qf a groove weld Is the joint penetration (depth 
of chamfering plus the root penetration) and is shown to the left of the weld 
symbol (A, C, and F, fig 6-10) . The size of the groove w^ds with no specified 
root penetcatlon will be shown as indicated below. w . 

(a) The'slze of the single groove and symmetrical doub1a^gr°q|k welds which extend 
completely Wough the. members being joined need not be s*Qwn on th*> welding 
symbol (A ahd B, fig 6-ll). fm ~ 

(b) The size of groove welds which extend only partly through the member or 
members being joined will be shown on the welding symbol (C and D, fig 6-11). 

.. The size of groove welds with specified root penetration will be indicated by 
showing both the depth of chamfering and the root penetration. The size Is 
Indicated on the left of the weld symbol by showing the depth of chamfering, a 
plus mark, and then the root penetration, \t\ that' order (E and F, ^g^-11). 
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Fig. 6-10. Groove welding symbols denoting weld -size, groove size, ^ 
and, size of rooj opening. 
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Fig 6-11.* Size of groove weld$. with and without specified root penetration w 
menslons. The root opening of the groove weld is shown i 

The groove 
)e*low the^jw 
.symbols showing the symbols for 



(a ^^oVjed dimensions . The root opening of the groove weld is shown ioside the'weld, 
*■ — T\ as Illustrated by the fraction 1/8 at A through E in figure 6-10, 



angle Qf groove weld is shownHn degrees of angle placed above or below the.jweld 
1*(C, 0; E, and F, -f 1 9 6-11). The weldin^symbols showing the symbols for 
the arrow side, other side, and both sides of groove welds "of the U-^oove types 



are illustrated figure 6-12. Similar symbols are usedfcr bevel-, U-oand 
J-grooves. 
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Fig 6-12, V-groove welding symbols showing location of welds. 



Bead welding symbols .' 



\ 



(1) Single-bead welding symbol (fig 6-13). The W*gle-bead weld symbol is use£ to 
indicate the bead type of . back or backing wel<rc ;t of 'slngle-groQve welds, .and Is 

y shown by placing a slnglte-beaded symbol on the iside of the reference line opposite 
the groove weld symbol (ftp 6-13A). The dlmmenlions of bead welds' used 1n back or 
backing welds are not shown o^ the welding symbol.. i r 
% 

(2) Dual-bead welding symbol . This symbol 1s used, to Indicate surfaces bullt^jp by 
welding {B through E» fig 6-13). Th« dual -beaded we^d Symbol does not Indicate 
the welding of a joint and hence has no arrow side or other side significance, 
Ihe s>mbol Is shown on the side of the reference line toward the reader and the 

-Arrow points clearly to the surface on which the rfeld is to be deposited. The 
sSs*e of^a surface buildup by welding 1s Indicated by ^e height of the weld 
deposit to the left of the symbol (fig 6-13B). The width. and length of the 
surface to be built-up are Indicated 1n f1gur r e 6*13C. When the entire area of«a 
surface 1s to be built tip by weldinjjrvio dimension other* than hei<jyt of deposit 
need be shown on the welding symbol (*Mg~6-l3D). TRts bul ldup -of a portion of the 
surface by^weldlng 1s Indicated In figure 6-13E. - * 
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F1g 6-13. Application of bead weld symbols. 




(3) Surface contour of back or backing weld . -The contour, flush or convex, of back or' 
backing welds is shown by using the contour symbol In 1 the same manner as that , ; 
required to show the contour of fillet welds <(f1g '6-9)'. 

P1u<^ a nd slot-welding symbols . V -' ' ■ ■ Y 

(1) General . Neither the plug-weld symbols nor the slot-weld symbols are. u^ed to J 
designate fillet welds in holes. 'The weld symbols for plug and slot welds are 
. identical . 

.(2) Indication of plug and slot welds (fig*6-l4)> Plug or slot welds in the arrow- t 
Sid^ member of a joint 3re 1ndicated°by the weld symbol on the reference line 
toward the reader (A and F, fig 6-14). Plug welds in the other- side member are 
1nd1cat£dJ>y the weld symbol on the side of ttffe reference line away from the 
reader ^Tij 6-14B) . Slots in the other-side' member for slot welding are 
1/i^1cated 1n the same manner, „ x ' o 

• s * \ 

(3) Plug welds/ 1 ' 

(a) Size, 'The size of a plug weld 1s shown *t>n the refererlce line to the left of. 
TReTweld symbol (C'and E r fig 6-14). 

(b) Angle . The included angle of countersink appears as shown at C and E in* 
figure 6-14 . ^ 

(c) Depth of^ming . Unless specif ied,. the depth of filling plug and slot welds 
shartl be complete. When the depth of filling is less than complete, the 
depth* 1n inches, is shown-as illustrated in figure v 

(d) Spacing . The pitch *(center-t;o-center spacing) of pl^ welds 1s shown 1n the 
reference 11n#*'to th^ right of the weld symbol (C-an'd.E, fig 6-14). 

(e) Surface contour . The contour of u 9 welds that* are to be made approximately 
* flush 1s indicated by the flush-contour symbol (fig 6-4) in the same manner as 

that required td show the cpntpur of fillet welds (fig 4"^)« 

(-ty Slot welds. The details Of slot welds such a^fehe length, width, spacing, 

:1uded angle of countersinkl orientation,, and location, cannot be shown of the 
Iding symbol. The Information will be shown jln^the drawing or by a detail with 
reference on the welding ^mbol, observing the usual location (fig 6-14G). 

f 
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F1g 6-14. PJug and slot welding Symbols indicating- 



, 'location and dimensions 



Spot-welding symbols. " ^ ^ 

(1) General .' Spot-welding symbols have no arrq*. or other-side significance, although 
supplementary symbols, such as flush contour, may. have such significance. 
Spot-welding symbols are centered on the reference line of the welding symbol. 

(2) Size * The s1z& of .a spot weld is Its diameter expressed decimally 1n hundredths 
of 1 an inch and 1s shown, with Inch marks, on the referfchce line to the left of ,the 
welding symbol (fig 6-15A). Sometimes the strength o(^the weld 1s designated 
instead of its size. • - 

r ' 

(3) Strength. The strength of the sfcot-weld is designated a\ the minimum acceptable • 
N shear strength in pourkf7 ? V 1 w c -4ttot and is shown on the re^rence 1 ine to the left 

of:the weld sjmboT (fig 6-15#\ s 

* , > - 

(4) Spacing. The pitch (center-to-center spacing 1n Inches) of spQt welds is. shown on 
the reference line to the right of ttie weld symboj (fig 6-15C). . 

(5) Extent . When spot wfeldlng extends less than the distance of the full length pf; | 
the joint, the, extent is dimensioned as shown 1n figure 6-l5b. 

(6) Nulhber '~ When a definite numb.er of spot welds Is desired 1n a certain joint, the 
numbftf IS: shown in parentheses, either, above or below the weld symbol (f 1g -6-15E).. 

( f >) Flush spot-wel^ng joints . When the exposed surface t>f one member of a spot- 

welded Joint I? 1 ' to be fjush, thft surface 1s Indicated* by adding the f 1u$h-conto v ur 
synbol, observing the usual arrow or other ^1de location significance (fig 6-1SF). 
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F1g 6-15. Spot-weld1ng symbols Indicating size, strength, 
spacing* extent, .and number of welds . 



Seam -welding symbols . * 

^ " r .\ r 

(1) General . Seam-weld1ng symbols have no arrow or other-s/ide sigplf ftt&ncev although 
they can be used with the supplementary contour symbols which ^111 have .somes, 
significance The seam-welding Symbol is centered on the reference line of tnfe 
jwelding symbol. * -^1 v 

(2) Size (fig 6-J6A). The size of the seam weld is designated -as • the width. of the 1 
weld, expressed in hundredths of an inch, and is shown with inch marks to the left 
of the weld symbol. Sometimes it is expressed by specifying the strength of the 
seam. ,. ' * " 

(3) Strength . The strength of the setom is designated as the minimgm acceptable shear 
strength 1n pounds per linear inch and is shown to the left of the weld symbol 
(fig 6-16B), r > * , 

(4) Length . The length of the seam weld, when specified, is *H6wn to the right of the 
weld symbol (fig 6-16C). , || 

(5) Extent >^WIiflt T ' team welding extends the fujl length of welding, between changes 1n 
direction of the weld, no length dimension is shown. However, when seam welding 
extends less than the full length of the joint, the extent is dimensioned as shown 
in figure 6-160. 

o f 

(6) Space , The center-to-center spacing of intermittent seam welding is "shown to the 
right of the length* dimension on the welding symbol referenced ine (fig 6-16E). 
When intermittent-seam welding 1s used between continuous sem welding, the symbol 
indicates- the spaces equal to the pitcti (center-to-center) minus the length of one 
increment; and is shown to the left at the end of the dimension length, >. 



(7^ Flush seam-welded joints (f,1g 6-16F). When the exposed surface of one member of 
seam-welded joint is to be flush, that member 1s*jnd1cated by the addition of the 
flush-contour synbol. 
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F1g 6-16. 



Seam-weld 1ng symbols Indicating size, strength, length, 
extent, and* contour of welds. * 



h. Projection welding symbols . 

• (1) Location . The location df embossments on the arrow-side member of a joint for 
projection welding are Indicated by the weld symbol on the side of the welding 
symbol reference line toward the reader (fig 6 r 17A). Embossments on the other 
side of the joint are Indicated by the weld symbol reference line away from the 
jeader'(f1g 6-17B). 

< (2) Dimensions, Dimensions of the projection weld are shown on the side of the 

reference line as the weld symbol, and are dimensioned by elWer size or strength 

(not both) as described below. 

* * ■ * 

(a) The size of the projection weld Is designated as the diameter of the weld 
expressed decimally 1n hundredths of an Inch, and Is shown with inch marks to 
the left of the weld symbol (fig 6-17C). * ■ ^ 

(b) The strength of .projection welds Is designated as the minimum acceptable shear 

* strength In pounds per we'ld and is also shdwn to the left of the weld symbol 
(f1g-6-I7D). 

(3) Spacing (f 1 g 6-17E). The pitch spacing 1n inches 1s shown to the right of the 
weld symbol . * 

(4) Number of welds . When a definite number of projection welds Is desired, the 
nuftber Is shown Tn parentheses above or tjelow the weld Symbol (fig 6-17F). 

(5) Ext ent of projection welds : When projection welds extend less than the distance 
between changes In the direction of welding or less than the full length of the 
weld Joint, thfc extent 1s dimensioned as Illustrated in figure 6-17G. 

(6) Flush co ntour projection welded joints . Whim the exposed surface of one member of 

• a projection joint. Is to be flush, the surface 1s Jndkated by the addition of the 
flush-contour symbol to the Weld symbol, observing the required arrow side or 
other-side significance as shown 1n figure 6-17H, / 
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MLq 6-17- Projection welding symbols Indicating location* dimension, 
, spacing, number, extent, and contour of welds. v 



Answer the following questions and check yojjr responses against those listed at 

the end of this study unit. 
\ 



Is 
a 



The symbol appearing on a reference line that indicates a bead weld is to be made 

* ■ - p 

V 



d. 



Projection and upset welds are signified by 



a. gas-welded 

b. arc-welded 



symbols. 



c. supplementary 

d. resistance-welded 
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3. The symbol which Ns the supplementary symbol foe a joint that Is to be welded In 
the field Is _J . " 



• < o. 



r 



4. A joint that must be welded on both sides 1s Identified by 

r 

a. the word "weld" on both sides of the reference line. * 

b. a weld symbol on only ope side of the reference line. 

c. weld symbols on each side of the reference line, 
a M weld all around" symbol. r 



i 



Flat-face fillet welds that require no additional weld finishing are Indicated by 
the 



a. flush-contour symbol. 

b. addition of a notation. 



c. use of double arrow, 

d. position of the reference line. 



6. The symbol Illustrated represents a combination of 



wel ds , 




a. bead, s1ng1e-J-groove , and fillet 

t). single-bevel groove and doubles-fillet 

c. flush-contour 

d. single-bevel groove and bead 



No 



te: Quest1pns^7-9 pertain to this diagram. 



7. Identify the type of weld shown 1n the Illustration, 



a. dual bead 

b. staggered Intermittent 
8. The numeral 2 Indicates the weld 1s 



c. chain Intermittent 

d. surface Buildup 



a^ made 1n 2 passes. 

b. 2 times the thickness of the metal 

c. 2 Inches long. 

d. ' made 2 times 1n 12 Inches. 
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Identify a jpYnt shown in "the illustration 



a. butt 
4). tee 



c. flush, 
d ; . overlap 



^ 10. The symbol Illustrated Indicates the finished wold 1s*tt> be 



a. "chipped, 

b: flush.- 

c. graded. 

d. machined. 



4 



* 



11. ThP symbol you should use to designate a tee joint with 'desff^d fillet welds of 
1/4 Jnch on, the left and,1/2 indh on the right 1s - 



* 








c, 


*• % 
i 


□ 
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12. The formula, depth of chamfering pJus'the root penetration equals joint 
penetration, refers to the size/of a 



weld. 



a. fillet 

b. groove 



c. 'plug 

d. slot 



13. A V-type groove weld with. a groove angle of 15° is illustrated by" symbol 



b. 



16* 




15" 

V 



14, The entire, syrface'bulldup In bead weld$ is shown'by * 

a- the height of the deposit. H ^ * 

b. the width and depth of the deposit. * 

c, the thickness and length Of the deposit, 
d r . all of the above measurements. 

N 15. The symbol whjch represents the illustration at the right 1s 




IE 7 



16. Plug weld sizes are shown <on the 

ar^projection 
b\ reference 



$ line. 

s 

c. center 
d» datum 




/ 



17. The weld symbol for a plug weld is the same as that used to Identify a 
' weld. % - . - ' 



a. ' j fillet 

b. ' butt 



c> groove 
d. slot 
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The symbol, illustrated 1s called a (an) ' 



X . 

a. arrow-side fillet weld* 

b. both-sides fillet weld, one joint, 

c. other-side fillet weld. 

d. both-sides fillet weld, tfco joirvts^ 



' 19. 



\ 

i ) 



a. 

b. 



plug 
spot 



weld is called for by the sjwbo^ shown 1n this illustration^ 



c. groove 
r\4. fillet 



20. 



In the illustration for que^tgpn 19, the numej^l 3 indicates the 



a* number of Welds 
b. size of welds. 



\ c. angle of weld. 
\" d. spacing of weld, 



2K' The size of spot welds is designated in 



a. letter sizes. 

b. fractions . 



c. hundredths of an inch. 

d. thousandths of an inch, 



22, In parts fabricated by spot welding, the greatest concern is the spot's 



23, 



a. tensile strength . 

b. sjze. 

The symbol below illustrates trie 



c, appearance. 

d. shear strength . 

of spot welds 




24 



a. number 

b. strength 

c. size 

d. spacing 

The length of a- selm weld is given when the 

a. weld surface is convex. 

b. weld surface is concave. 

c. joint is longer than 6 inches. 

d. weld is shorter than the joint. k 



25. On a blueprint, the strength of a seam weld wopld be shown in 



pounds per square inch, 
pounds per square foot. 



c. linear pounds pec foot. 

d. pounds per linear inch. 



26 



In\intermittent-seam welds, the distance from center to center of the weld is 
called the flp * 

a. pitch. c projection. 

,b. protrusion. d, embossment. < 



27, The symbol illustrated designates* the 



of a seam weld, 



a . 
b. 
c. 



strength m 
size 
length 



d. contour. 
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28. Identify the symbol that represents the. desired weld Illustrated. 

c V. J 
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SUMMARY REV.IF.W , ..-o 

In this study unit you have learned t6 Identify the we raing symbols, standardized by 
the. American Welding Society and the Department of Defense. 
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Answers tp Study Unit #6 Exercises 
Work Unit 6 C 1 * * 
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v 1. b. 


5. . 


c. 
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2. c. 


. 6. 


b. - 
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a. 
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.4. a. 


8. 


d. 
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~ , Work Unit 6-2" 








1. b. 


■ 8. 


b. * 


15. d.. • 


c. a. 
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y . 

,10.* 


k. * 
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/ 4. c. 


n. 
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b- 


19. a. 
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a. 
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METALWORKING AND HEADING OPERATIONS ^ 



jf i Review LeSson ' " 

. ■ ' ^ \ 

Lnstructlonsi This review lesston Is designed to a1d"you 1n preparing for your final exam. 
/You *ould try to complete this lesson without the a'1d of reference materials, but If you do 
hiot know an answer, look It up\and remember, what 1t 1s. The enclosed answer sheet must be 
X1>led out according to the Instructions on- Its reverse side and mailed to MCI using- the ' 
envelope provided. The questions you miss will be listed With reference^ on a feedback sheet 
(MCI-R69) which w11l be mailed to-.your commanding officer with your final exam* . You should ■ 
study the reference material for the questions you missed before taking, the final exam, 

A. Multiple' Choice: 'SeTe^t the ONE answer that Best completes the statement or* answers the 
question. After the corresponding number on the answer sheet, blacken the appropriate 
circle. ■ ' 

< i 

Value: 1 point , 

1. The two most commonly used methods of welding are 

■ gas .and TIG. %. c . TIG and MIG. 

h. MIG and electric. d. gas and electric. 

T^control and direct the hea*t on the* edges of^the metal to be welded and add a " 
suitable filler material to the pool of molten metal 1s the principle duty 
In I welding. J 



a. oAyacetyiene c . electric arc 
b/Jn? . \ d. TIG 

The characteristics of metaj tha.^ enable 1t to resist deformation by external forces 

Called '* properties. 

?chan1cal c.' physical 

b. Internal d. metal 

4 

4. Metal properties determined by chemfcal compositions which carinot be changed by 
heat-treatment are called 1 properties. 

a. mechanical c. physical 

b. Internal d. metal 

* i 
- 1 ** i 

5. the four types of cast Iron are gray, white, malleable, and 

a - P*9- c. low,carbon. & 

b. wrought. 4 d. tool. 

6. All f1ve> types of plain cArbon steels are metals. 

) a. . alloy * c# non-ferrous 

b . ferrous . r 0 . 

4 

'7. The seven principal metals used 1n manufacturing steel are referred to as 

metals. * ^ 

-<» » • 

a . al 1 oy . - c ♦ non- ferrous 9 

i b,. ferrous ? v 



> 
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Match the nonferrous metals listed as* "8" through m* ip column "1" with the correct 
characteristic, listed as "a" through V tn column *Vl Check your responses with those 
listed at the end of this study unit, 

Column 1 , Column 2 

x ■ ■ # 

a -aluminum " a. Hardness , ductility, resist 

: O^enTeartng copper • / low 

d. High strength, light wetght, 
resists conreslon 

e. Moderately hard, tough, ductile 

Multiple Choice: Select the ONE answer, that BEST completes the statement^ answers the t 
question. After the corresponding number on the answer sheet, blacken the appropriate 
circle'. 

13 A metal sheet with a classification number of 2340 Indicates 1t 1* made of 

steel with a content of % _ and a carbon content of X. 



a. nickel , Z% nickel , 40 , ' 

b. nickel -chromium, 3% nickel and 4% chrome, 0 

c. chromium, 34% chrome, n 



* * 



14. When studying the behavior of a metal you are performing the test. 

a fracture % - c * torch 

» b*. grinding wheel • » , appearance 

15. To develop ductility, Induce toughness, and to aid mach1nabH1ty are three reasons for 

a. Identification of metal . 

b. heat-tre<*1ng metal . , ■ - 



c. manufacturing metal 

d. testing petal prior to welding. 



16. The five most common forms of _j metal are annealing, hardening, tempering, 

normal 1z1ng f and case hardening. 4 V 




a. ' heatJ*»^tnn^ < • c. 

b. IdenttMhg 

17. Oxidation of the metal, during heat-treating 1s caused by 

a. overheating. ' . c. Incorrect quenching . 

b. \ imderheattng. ■ " d - Improper anneal 1ng. 

18. When quenching a metal part 1n water, the proper way Is tn 

V a. dip 1t and do not move 1t. 

b. dip 1t and keep 1t moving. 

c. place 1t gently on the bottom of the bath. 

d. spray 1t gently with a hose. 



19. At which point does the most radical changes occur 1n metal during heat- treatment? 

a. Heat-treating point ' c. Tempering point 

b. Critical point , d - Melting point 

20. Three changes take place when toeat- treating metal; they are appearance, grain 
structurf^rid grain \ 

b r a . disintegration. shrinkage. 

c. distortion. d * growth. 

i 



21. All of the fcelow are types of heat-treating /urnaces EXCEPT 

' a. electrically fired. + # / « c f coal fired. 

b. bath. * , ^ 4. oil and gps fired/ 

22. The temperature of metakbeing heated 1s' measured by a . 

> ' ^ ^ , ">". - ■ - j - j - 



a. thermocoupUng / c. - thermostat 

,b^ d1aK1nd1cator , d. pyrometer 

'23. A lack of penatratlon would be an Indication that you are weljlijjg with 

a. a dirty or rusted weldtng surface. 

b. too long an arc, ^ 

c. too short an arc. ~' 

24. When welding with the electptfde connected to the . terminal and the work 
1 connected to the - terminal, you are weldtng In reverse polarity 

a. ^ negative - negative ' c.~ positive - positive 

b. negative - positive d. positive - negative 

25. iK when you are welding In a corner or approaching art abrupt turn, magn^ism makes 
the arc unstable and difficult to control, you are experiencing . 

a. gas expansion c.. electromagnetic forces 

b. gravity d. arc blow ' 

26. the principal parts of a groove and fillet weld are the root, toe and 
1 f 

a. /* fusion zone. c. face. 

# b. throat. - d. ldg. 

27. Bead, fillet, tack, groove, and plug and slot are types of . 



a. edges c. joints 

b. symbols . d. welds 

Matching: Match the five types of joints in column 1> 28-3^ , with their correct jbses, as 
" listed in Column 2. / ' 

J ' ' ' 
Value: 1 point eadr - h > 

t 

Column 1 ; I. Column 2 

j 

28. Butt a. To join two edges of sheet metal 

29. Corner. , b.* To join two plates at 90° 

30. Edge angle to each other 

31. Tee . • c. To join two edges or surfaces of 

32. Lap two plates located approximately 

* 1n the same geometric plane* 

d. J To jtyi two members located at 
v - 4 right afigles to each other 

^ % e. To join overlapping plates 

Multiple Cffolce: Select the ONE answer which BEST completes the statement of- answers the 
question. After the corresponding number on the answer sheet, blacken the appropriate 
circle. 

Valup: 1 point each 

33. The best type of weld to^use when bullding'up a surface 1s a 

a. slot. c. bead. 

t>, tack. d. fillet. 

34. A clear cover glass 1s placed .over the protective filter lens to * 

a. filter Infrared rays. . x. protect the" colored lens. 

b. reduced glare. d. keeps- the colored lens clean. 



35, Yqu should not use a color filter lens used In welding helmets that varies moi»e 
tnan _ ' shades from the prescribed shade number. * / 



a. 2 / • c. 6 ' - (X 

b. 4 « • / ..d. 7* ■ 



J ..d. 7" * 

gloVesMs./ • 
* / V 



36. The material used to make welders pi oVe^ Is / t • ".' ^ 



a", leather. r J * . c. pig skin, 

b: nylon. ; /• ■ * d. cotton 



A* 



37. aJo prevent flickering reflections, an area where weeing 1s being dorfe should be 
^ fainted ^ _ ' / ' , * ■ 

a. flat' black. ' y \ c. olive drab. " ■ 

• b. dark green. 1 d v da . rk oran 9 e - \ 

38. The letter "E" ,*1n an electrode classification number , stands for 

a. fevery thing rod/ c. evaporating rod. 

• b. electrode. . d. electric. 

* . * ■ ■ 

39. The second and third digits of an electrode classification number stand for 

a. size-of rods. c. tensile strength. 

b. size of bead it will produce. \ d. amount of rods per pound. 

40. The fourth digit of an electrode cl assif Ration number stands for 

a. th<» amount of rods per pound times one thousand. 

b. t+re type of rod. - - 

c. tensile strength. 

d. the position, in which-it may be applied. 

41. A rectifier-type welding machine produces ^current. 

a. polar * * cW d. c. r - . 

b. a# c. - 0 * d« either a. c. or d. c. 

42. The LM-62 welder is a . * 

't * • 

a. gas engine driven, self contained d. c. welder. . 

b. diesel engine driven, self contained ^, c. welder. V\j >/ 

c. gas engine driven, sel f-contained.a. c. welder.. ^ ^0 

d. diese! engine driven, self-contained a. c. welder. 

43. The starter on the LM-62 welder should be allowed to cool for %t least , _ v • 
after ._ of cranking. * * • * 

a. 30 seconds - 2 minutes *■ 

b. 45 seconds - 1 minute 1 s 

c. 1 minute - 45 seconds , { 

d. 2 minutes - 30 seconds - 

44. The gage shou/d be checked after running the LM-62 welder for *f ■ 
to seconds. 

a. fuel pr^ssure/30-40 / c t oil pressure/10-20 

^ b. ammeter/20-30 % d. water temperature/0-10 

45. Proper polarity is be$t described hy a sound. 

to 

a. low hissing " „ .c, high hissing 

b. loud drumming * d. sharp crackling 



46. There should, be approximately _^ or an Inch penetration Into the base metal 

for a good bead weld. 

a. 3/16 ' • , c. 1 1/8 x ~ 

b. 1/4 d - I/ 16 



47, The purpose Qf ^quenching plates clomped parallel to the seam\hen.w<fld1ng sheet metal 

1S tO > . r ' 



a, t hold the metal 1n. pl ace tfor welding. h / ' 

b, serve as deflectors for sparks.. s -x ' 
c\ acts as a backup plate for reinforcement . 

d. decrease expansion jind^ cont ration by absorbing the heat. 



48. An essential part of anjrjob 1s awareness of possible hazards, knowledge oT*ways to 
avoid or control dangerous conditions and 



a, safety ra1 Is. 

b, i Safety consciousness.^ 



49k. An acetylene cylinder 1s a 



a , . gY*een 

b . yeTl ow 



color. 




c. 
d: 



c, 
d. 



the position used.- 5 
type of metal . ^ 



gray 

gray w/ white band 



50. The narrow, si 1.t formed when steel has been cut with a torch 1s a 



• - a. 1 1ne cut 
b. cut weld 



c. kerf 

d. opening 



51. When cuttlnqiMld steel , 1 Inch thick, use size tip 



a. - 6 

b. 4 




c. 2 
d? 0 



52. 



The correct method to use when ql^nlng a cutting torch tip 1s to use the proper" size 
tip cleaner and , 



a. then use the next sfzk larger tip cleaner. 

b. then use a fine piece of wire and rotate. 

c. then rotate the cleaner. 

d. push 1t Into the or 1 face-. 



53l 



54. 



An oxygen cyl 1nder 



a. green 

b. . yellow 




color , 



55. 



A high^ pressure gauge which 1s graduated from 

Inlet side of the regulator "Is the oxygen gauge., 

a. 0-1,000 

b. 0^2,500 

A high pressure gauge which fs graduated from 

side of the regulator 1s the acetylene gauge. 



a. 0-1, bOO ps1 

b. 0-2,000 ps1 

56. Two based alloys used 1nt>raz1nq are 

a. Aluminum - lead 

b. Magnesium - silver 



c . 
d. 



gray - » x 

gray with a white band 



to 



-0-3,000 
0-5,000 

to 



ps1 on the 



on -the Inlet 



c. 0-220 cubic feet y 

d. 0-2,500 cubic feet 

and 



c, 
d. 



Leatf - copper 
Copper - sWver 



57. When the rod 1s kept ahead of the welding tip, the technique of welding 1s 
called ' . x - 



. l backhand 
. underhand 



c. 
d. 



forehand 
overhand 



58. When the tip 1s kept ahead tpf the rod the welding technique 1s called 



a. backhand 

b. underhand 



C. % forehand * 
dV, overhand 
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59. If you lire cutting metal too slowly with a tj|irch, 1t will cause 
a. the preheat flSme to melt the edges. 



*f a. the preheat name t 

\ b. a Clean, sharp cut,. 

d an ,enl arged fcerf . * 

t d. too much oxygen penetration. 



"J 



^. 60. 1o start a cut 1n the middle of a piece of metal you must . , 

a. tilt the torch tct 45° angle to'^reh&at the metal and open the high pressure 

* value slowly. » w 

b. . raise the torch slightly for slower heating and open the 'high pressure value 

quickly. , ' 

c. slower the torch tip for faster heating. and open the high pressure value quickly. 

d. keep the torch tip at a 9b% angle and open the high pressure value quickly. 

To cut a pipe with a torch you, should 

m > 

a. move the tofxh around the p^pe. . . ; ^ 

b. rotate the pipe and hold the tprch'still. 

c. move the torch first down one side, then down the <)ther. 

d. move the torch, at a 45° angle, completely ground the pipe. 

62. When checking a cylinder for leaks, you should 

a. use a-leajc detector. c. use a flame. 

b. use a~4$otrpy water solution. d. smell for fumes. 

63. You should use [ _type goggles when gas welding at eye level or above. 

v a. heavy plastic * c. eye cup 

b. rigid-bridge d. clear . 

64. Acetylene working pressure in excess of f psi must be avoided. 

• a. 50 ' c. 20 
b. 40 d. 15 

65. A gas leak between the regulator seat and the nozzle is caused by a . 




9 1 a. broken gauge tube ' c cracked, worn, or dirty valve seat 

^ b. leaking torch yalve ' d. defective gauge 

66. If you receive a shock while operating the LM-62 welder, the problem is * f 

a. the Welder is not properly grounded* , 

b. the electrode holder spring is weak. 

c. *the commutor is dirty. 

d. * the polarity 1s wrong. v 

67. The dynamotor starts but rotates in the wrong direction the problem is . 



a. dynamotor switch is defective 

b. d.c. ammeter is defective 

c. external powerlines are incorrectly corrected 

d. drive belts ar§ defective or worn out 

68. You must make sure the end of the electrode wire extends approximately 

inches beyond the end of the nozzle of the SWM-9 torch before starting to weldv 

t ■' a. 2 1/2 . b- 1 

* b. V ' c. 1/2 . 

69. Hawks-bill, trojan, aviation, and ■ ; are the four types of snips. 

a. straight , . c. flat 

b. circle d. rotary 

70. ■ The name 6f the snips used for several types of cutting is . 



a. aviation ' b. trojan 

b. hawk,s-bill d. circle 
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71. Throat less, handbench, and are the three types of shears* 

a. squaring ^ t ' c. straight 

b. manual \ w . . d. power 

♦ 72, The cornice brake jjachine is designed for 

a. shaping small strips of sheet metal. 

b. bending small 'pieces of cast iron. 

c. bending large sheets of metal . 

d. cutting irregular shapes. > 

73. The machine used for burring a disk 1s a machine. 

a. grinding % c. slip-roll forming ^ 

b. rotary ' d. deep-throat bending 

74. The allowance for a lap seam which 1s to be riveted with 1/8 in. rivets is 

inch, * v, ^ 

a. 1/8 " ■ c 1/2 

b. 1/4 v ■ * d. a/4 / " 

75. . In making a corner lap seam is to- riveted, your allowance for clearance should be 

v a. 4 times the diameter plus 1/16 inch. • 

-b. 2' 1/2 times rivet diameter. A J| 

c. 4 times rivet diameter*. " } 
h 'd. 1/2 the lap width." 



/ 



76. If a 3/8 In. grooved seam 1s specified, your allowance on each edge would be 

inch. ' 

a. 3/8 . c. 3/4 

b. .9/16 , * d. 11/8 

77. The type- 6f seam used for the construction of a cylinder is a . seam, 

a. grooved ^ c. plain lap 

b. Pittsburgh lock a" d. off set lap 

78. . With reference to the pocket depth on the Pittsburgh lock seam, the width of the 

flanged edge must be 

a. more. « c. the same. 

b. less. d/ twice the pocket d£pfch. 

• !. f 

79. The four basic types of handtm>ls used irj repairing body damage are 



\ 



a. bucking bars, chisels, hammers, and arc welder, \*. 

b. hammers, arc -welder, metal dollies, and sandjpg machine. 

c. 4 hammers, bucking bars, chisels, body files. V < 

d. hammers* metal dollies, sanding machines, body flj'es. 




\ 



80. In the diagram below, the reinforcement plate should be\ welded at 



a. 1, 2, 3, and 4. 

b. 3 and 4. M 

c. • 2 and 4. 

d. 1 and 2. 
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* - 81 f When foundf on a bar or H 5fick H df solder, the numbers 30/70 Indicate 

* * i \ 

a. the manufacturer 'scodV 

b. 30% Iron, and 70% zirrc cootent. 
e* 30 to 70%*1ead content, 
d. 30%'tin ahd 70% u lead content. 

A joint which 1$ to be welded on bi>tb< sides , is indicated 

! 

I 

a. weld' symbols on each side of the reference Huff. 

b. one weld syAb^ under! ifUd. 

c. the word "w^nT written on the metal. * 

d. color code. 

83. The symbol for a slot weld 1s the same as that used for a 



82 




1 l \ 
weld. 



i 



a. plug 

b. fillet , 

84. Plug weld sizes are shown on the 



Mne 



c. groove 

d. butt 



a. datum 

b. -projection 



85. In the drawing below, a 



c, Reference 
^. 'bdftom 



we-ld is shown. 



86. 



a. groove bevel 

b. plug or. slot 



4: 



square 
bead 



In the supplementary symbols illustrated below, 



indicated a field weld. 



87. 



Illustrated below is a dual -bead welding symbol which is used to indicate 



a. 
b. 
c. 
d. 



surface built up by welding. J 

the welding of a joint that has been spot welded. 

single backing welds. 

double backing welds, f 



In the draw 



Irawing D^low, 




s illustrated, 



a. the spacing of spot welds in inches 

b. the width of a spot, weld in tenths of an inch 

c. the number of spot welds desired at a certin joint^ 

d. the shear strength of the spotweld In thousands of*pounds 



89. The welding symbol illustrated below Indicates 



a. V-</roove. 

b. - seam weld* 

c. projection weld. 

d. slotweld. 



/ 



.ERIC 



R-3 



208 



J 



Note: Questions 90 and 91 pertain to this diagram. 

s — 

90. The weld symbol shown 1s a 



a. . groove bevel c. slot 

b. bead ' d. V ' 

91m . This weld should be made on 

a. arrow side of the joint. 

b. the side of the joint away from the reader. 

c. any side of the joint with this symbol. 

d. opposite^slde of the joint. , 

92. The symbols below are projection weld symbols. The numbers Indicate 



a. the 4th and 6th weld to be completed. 

b. the shear strength 1n thousands of pounds, 

c. the pitch spacing 1n Inches. ^^hm* 

d. the pitch spacing 1n feet. 
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STUDENT COUHSE COHTENT ASSISTANCE REQUEST 



, . DATE: 



SJtliiSBlSITPS 



Rtf5ER COURSE TITLE 



NfiSf? I RANK ; MO S 



CCMPUETE MILITARY ADDRESS: 



1* Use this form for any questions you may have about this course. p Write out your question 
and refer the study unit; wqr?k unit,* or study question' which you are having {Sh#>lems with. 
Ocit^lete the self-addressed block on the reverse; side. Before mailinq, fold the form and * 
staple it so that MCI's address is showing. Additional sheets may be attached to this side of 
the form. 



r 



QUESTION IS: . OUR ANSWER IS: 



t 



J? DATA REQUIRED BY THE PRIVACY ACT OF 1974 

j (5 U.S.C. 522A) 

1. AUTHORITY: Title 5, USC* Sec._301. Use of your Social Security Number ia authorized by 
Executive Order 9397 of 22 Nov 43. K 

2. PRINCIPAL PURPOSE (S) : The Student Course Content Assistance Request is used to transmit 
information concerning student "participation in MCI courses* 

3. ROUTINE USE(S) : This information 13 used by MCI personnel to research student inquiries. 
In adms cases 'information contained therein is used to update correspondence courses and 
individual student records maintained by the Marine Corps insitute. 

4. MANDATORY OR VOLUNTARY * DISCLOSURE AND EFFECT ON INDIVIDUAL PRJ/IDING INFORMATION: 
Disclosure is voluntary. Failure to provide information may result in the provision of incom- 
plete service to your inquiry. Failure to provide your Social Security Number will delay the 
processing of your assistance request^ 
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INSTRUCTIONS TO STUDENT 



1. Fold to that {AG address is outside 

2. Insert course number in square marked "Course Number" 
below . r 

3- Seal with scotch tapi or one staple 

4. Mail to MCI " - * 



DEPARTMENT OF THE NAVY 

MAAINI CORI»t INSTITUTE 
MARINC •ARRACK* 
' BOX 17 7* ^ 
WASMINOTON* O. C. *9*tt 



OFFIC 



PCNALTY rOR PR I VAT t USC. l»00 



^OttACI A*wO HI* ^A-O 



DOD SIT 



COURSI NUMftlft 

I 1 



THE* DIRECTOR 

MARINE CORPS INSTITUTE 

BOX 1775 

WASHINGTON, D. C. 20013 



ATTN: MOSTD 
Use this space for additional comments 
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j COURSE IMPROVEMENT SURVEY 



The Marine CoYpe Institute would appreciate your help in improving the course you hav* just com- 
pleted. If you would taks a fen* einutes to opmplats tf>e following survey, we would have valuabJL« 
information to help us improve this course. Your enswere will be kept confidential and will in 
no way affect your grade. 



Oouraa Number 



Rank 



MOS 



(Optional) 



t 



Military Addreee (Optional) \ 

1. Did you find inaccurate or outdated information in thia course? 



□ □ Ho 

Liat the area* you found inaccurate or out of date. Give page or paragraph if possible. 



How long' did it take you to finish the course? 



□ l-5 hours 
*O6-10 hours 



□ 11-15 hours 

□ 16-20 hours 



□ More than 20 hours v 
□ Yee 1 



Were the procedures taught in tfcte course understandable and useful? 
If m 1k>j" how could they be improved* 

m . — 



□ No 



5. 



6. 



How much of the material taught in^ this course can you apply to your job? 

□ Almost all □ very little □ Hone 

□ Hore than half □ Lees than half 

Did you have trouble reading or understanding the material in this courae? QYee □ No 
If -Yes,", explain 



Were the illustrations in this courae helpful? 
If "No," how could they be improved? 



□ Yea ONo 



Put an *X" in a box on the scale below to«show how well you feel the lessons and the courae 
materials prepared you for the final examination. (On this ecale "10- indicates that the^ 
material prepared you very well, a -5- indicates adequate preparation, and a -1- indicates verv 
fcoor preparation*) * 



Very Poor 




> 


Adequate 






Very Well 


1 » 1 . 1 




4 


5 


6 


7 


6 


9 


10 



If you asked MCI for help, were the answers to your questions helpful? * - 

*r OYee Dno Quo questions sent to MCI 

Please list beWany suggestions you may have to improve this course. Try to be specific! give 
page or paragraph numbers, (tou nay also use the space on the back or attach additional sheets.) 

■v 
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PtNACTY FOU PMivATC UM, iM* 



rOlTAGf AND ritft *AlD 
' OtPAftlMfNf THf NAVY 

000 »»y 




MAHC 


RANK 
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